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At the outset it must be admitted that the advantages of 
water storage are many and the disadvantages but few. In those 
days when the expression “ stagnant water” carried with it all 
sorts of ill-defined fears, the opponents of storage were easy 
to find, and their enthusiastic statement that “abundance of 
light and air is essential to the proper conditioning of water for 
human consumption” received very general support. He who 
drank of the rapid stream was accounted greater in wisdom 
than he who selected a less aérated supply. 

[t is now almost trite to say that still water, rather than run- 
ning water, purifies itself the better, and it equally lacks novelty 
to point out that the more rapidly a stream flows, the sooner is 
its load of pollution delivered to the thirsty consumer. In that 
connection, let it be said that a great deal more depends upon the 
number of hours required for stream flow than upon the distante 
in miles between the intake and the source of pollution, and a 
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concise statement giving information as to time of flow should 
appear in a report covering the sanitary survey. 

Stagnation has its disadvantages, of course. Increase in 
color naturally follows if water be permitted to long remain in 
contact with a muddy bottom loaded with soluble extractive mat- 
ters. Not only is damage to the water’s physical appearance a 
result of such contact, but the material passing into solution is 
likely to furnish abundant food for those minute forms of life 
which carry objectionable tastes and smells to many public 
waters. 

To the layman’s ear the word “stagnant” has a most un- 
pleasant sound, intimately associated with the production of 
disease ; and yet its origin is innocent enough, viz., “ stagnum,” a 
piece of standing water, not running in a current or stream. 

Pools so overloaded with vegetable growth, both dead and 
alive, as to be unfit for human drinking are plenty and they are 
commonly stagnant, but the ill-favored word does not properly 
apply alone to those; it is just as applicable to a water of crystal 
clearness resting upon a bed of sand. 

The condition of “standing water” just referred to,— 
namely, that of being overstocked with vegetable growths,—is 
practically the only one toward which objection can point when 
considering the pros and cons of reservoir storage. 

The word “ vegetable ” is here to be taken in its broad sense, 
as it should include not only those growths which would be 
recognized by the public at large, but also those of the minute 
world as well, which latter constitute one branch of that lake 
life known as “ plankton.” 

As an instance of excessive overgrowth, a small lake could 
be named which is so loaded with dense vegetation that decay 
gets ahead of new growth, and the use of its water is productive 
of temporary diarrhcea. It is a stained water, but its color is not 
to be considered as a measure of its objectionable qualities for 
table use, as many waters of much darker tint are of excellent 
quality for such purpose. Color and fitness for drinking bear 
no relation to each other. 

It is true that colorless waters are now demanded by the 
people, and “ meadow teas” are growing in disfavor, but that 
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change in public opinion is of recent date and is not based upon 
established hygienic grounds. 

The deepening in color of the lower layers of a water stored 
upon an unclean bottom; the encouragement of growths of small 
organisms producing taste and smell by reason of an accumula- 
tion of extracted food suitable for their development; and a 
deficiency in dissolved oxygen in the bottom levels, constitute the 
sum of objections that can be raised to the impounding of- water, 
and they are much more than balanced by the advantages that 
accrue from such storage. 

The pollution from shore drainage that reaches a reservoir 
water is likely to be naturally much smaller in quantity than that 
received by a flowing stream; nevertheless, very serious pollution 
may occur in concentrated form, even when the efforts of the 
caretaker are the most earnest. Thus, the writer has seen 
numerous loads of stable manure spread upon the very steep 
banks of a small, cup-shaped distributing reservoir. The inten- 
tion in this case was good, and much pride was taken in the fine 
lawns of the water-works park, but a better choice of fertilizer 
could have been made for such a location. 

It is entirely possible to protect a reservoir, and to a great 
degree the water-shed also, if careful policing of the district be 
established. Country towns situated upon the banks of streams 
tributary to the reservoir are the sources of greatest danger, 
and an earnest effort should be made to remove all privies, 
manure heaps, farm yards, refuse dumps, and other sources 
of pollution from draining into the stream or any of its feeders. 
This is sometimes difficult to accomplish completely, but a high 
degree of thoroughness can be attained by suitable and tactful 
management. 

Board of health rules are expected to cover care of public 
water-sheds, but rules and laws will not enforce themselves, 
and the city official is commonly at a distance and more interested 
in the distribution system than in that of collection. The most 
simple arrangement would seem to be to appoint a local physician 
in each town or village upon the water-shed as the sanitary in- 
spector for that particular district, and to give him authority to 
employ an intelligent laborer as a sub-inspector to do the neces- 
sary work under his direction. 
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The writer has found this arrangement both efficient and 
cheap. In one noteworthy instance, besides caring for the sources 
of pollution noted above, the sub-inspector’s duty included the 
daily patrol of a mile of railroad track which ran along the 
border of the reservoir. This question of possible danger from 
railroad pollution has but recently been recognized. Although it 
is always well worthy. of consideration, there is no question but 
that it-greatly varies in importance with change in topography, 
soil, or season. Rocky, steep slopes are easily washed by the 
rain, and frozen embankments naturally fall into the same 
classification, while flat road-beds and sandy soils offer better 
chances for polluting material to be disposed of by natural 
methods. 

Whatever the character of the road-bed, it should be the sub- 
inspector’s care to remove all night-soil dropped from passing 
trains, and he should exercise greater vigilance in winter than 
during summer. 

The physician-inspector would be in a position to know of 
cases of disease, such as typhoid, in his district and, being so 
informed, could take proper precaution against contamination 
of the public water, which act on his part would be of vastly 
more practical value than a location of the trouble by some sani- 
tary commission after an epidemic was well under way. 

The greatest responsibility borne by the inspector, however, 
would be during periods when gangs of laborers were employed 
at construction work within the limits of the water-shed. Should 
the workmen be many and the time of their remaining be two 
weeks or more, nothing short of incineration of all camp waste 
and night-soil should be demanded, and the utmost care should 
be taken that sanitary instructions were carried out to the letter. 
A Woodruff pit, which can be constructed in a few hours, would 
be suitable for a temporary camp; while, if something more per- 
manent were demanded, a well-constructed incinerating furnace 
should be built. 

When meadow lands are flooded, the extraction of food for 
plankton growth must of necessity take place, and we are forced 
to choose between stripping the proposed bottom or else depend- 
ing upon the employment of some means of killing or removing 
the organisms that are likely to develop. 


[J. F.1. 
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As to what could be done to rid a water of the odors due to 
algal and other growths, the outlook was not very hopeful 
previous to the appearance of the “copper sulphate process ” 
proposed by Moore and Kellernan in 1904 (Bulletins 64 and 76, 
U. S. Bureau of Plant Industry. 

The method of applying this chemical is simple enough, and 
its use is very efficacious. Bought in bulk, it can be had at about 
five cents per pound, and its distribution is readily secured by 
filling it into perforated buckets, or even bags, and towing the 
same by row-boat or launch over the reservoir surface. 

Decided objection was raised against such a process of “ dis- 
infecting ’’ a public water supply, and the opposition was especi- 
ally marked in England, but the use of it is still with us and is 
likely to stay, for the reason that the “dose” is minute and is 
only occasionally required, that it is reliable in results, and that 
experiment has shown that it is not followed by the evil con- 
sequences predicted. 

It must be remembered that it is not added to the water con- 
tinually, but is used only at stated and widely-separated inter- 
vals,—namely, at those times when the “ crop” of minute organ- 
isms has become so well grown as to produce objectionable effect 
upon the water. 

Perhaps one reason why the “ coppering’”’ of reservoirs has 
led to so much criticism is because of the dead fish that are to 
be seen after the chemical has been applied. When considering 
this effect upon fish life, one should bear in mind that the “ dose ” 
has of necessity to be applied uniformly over the surface of the 
water, and each acre of such surface presumably receives the 
same amount, irrespective of the depth of water that the acre 
covers. As a result, the shallow parts of the lake receive tem- 
porarily a greater quantity of the sulphate, per cubic foot of 
water, than do those which are deeper; again, the entire quan- 
tity of chemical intended for the whole .body of the lake is 
delivered to a few inches of its surface layer; therefore, until 
diffusion has taken place, fish which chance to swim into such 
water receive a very concentrated dose and are likely to be af- 
fected by it. Distribution is complete by the time the water 
reaches the public mains, and, moreover, the minute dose used 
has been more or less completely disposed of through its action 
upon the organisms for whose destruction it has been employed. 


’ 
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In a paper before the Section on Hygiene of the Eighth In- 
ternational Congress of Applied Chemistry, 1912, Kellernan pre- 
sented the following data: 


QUANTITY OF COPPER SULPHATE REQUIRED TO KILL VARIOUS FORMS OF ODoR- 
PRODUCING ORGANISMS, 


Copper Sulphate Required, Expressed as Parts, per Million Parts of Water. 


PIN 5e i RS 09 Kirchneriella ........... 5. too. 
Asterionella ............ | Leptomitus .. ......si%. 4 
Bere 5. N.S ee eee 4 
MUS cd, css oc ue eavege 2 to 5. MUIR. ses uc an pons 07 
CORES 5.5 a eaes I. EE. Sc an aetates Ito 4 
RSS er 2 Peridinium ............. 2. 
Clathrocystis .........¢. = Scenedesmus ........... 5. toro. 
Ceelosfherium ......... 3 ES o5to 3 
PR os Sa fav cst eh i: 2 2. os oral hig 2 
tne 3 - MIME 0 5. sGdes o oapiee 05 
PRIOR, eso v's cvaadcass 25 MIN Ge daa deseo vies 25 


Hydrodictyon .......... 


ee 


He adds a list of twelve genera of algz that in his experience 
are causing trouble in reservoirs and ponds: 


NUMBER OF OBSERVED CASES. 


MN 5 eis. kc Th ee ic SEE AIEEE SOO COT ea : 


REE 5.5.0 sh aoa ee wees dae ee ner 13 
: ) ee aed a RY EE: Rt ME igia's bs Gov ss bees eas. 19 
a GE fins wls'ev-cep agnuiguiss eee Be PED © nds conte cvcese Ee ts 21 
Ce i en cs scan ap uredewaret 1 NENT 3s vaso edalgs 45 owe vie 49 
COROIIND. 5) os. es Boece oo ESE. SR RR ae ey ee 43 


Jackson claims that blue-green alge will die if the water be 
“ coppered ” one part to five million. His dose for Mellosira or 
Synedra is one to two million, and he claims that the former 
gives no odor of growth, but only that of decay. He finds that 
coppering runs out certain forms of organisms and substitutes 
others by a sort of selective action, but those thus substituted are 
not likely to be odor producers; and he further notes that, while 
“bottom” or decomposition odors are easily shaken out by 
aération, “top” odors, viz., those of growth, have to be re- 
moved by filtering out the organism, or killing them by copper 
sulphate, or both. In his opinion, filtration of either type is ef- 
fective for removal of odors of growth, but he believes that 
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aeration would be worse than useless for living plankton, for 
the reason that the agitation would tend to mechanically release 
the oil causing the taste, which oil is not very easily oxidized. 

Naturally the cost of treatment with sulphate of copper will 
depend in part upon the amount of the chemical that is to be 
used, which in turn is determined by the kind of organism 
that it is intended to kill; but it may be said that a mixed growth 
of Mellosira and Asterionella was removed from the Troy reser- 
voir at an expenditure of 14.9 cents per million parts of water 
treated, labor included. The dose was one part of copper sul- 
plate to 3,500,000 parts of water by weight. 

In the article by Kellernan above quoted there are figures 
given indicating the safe limit for treating water with copper 
sulphate when certain fish are to be protected. 


Copper Sulphate, Expressed as Parts, per Million Parts of Water. 


Pickerel 
: Suckers 
Catfish ; Sunfish 


Goldfish 


It must be noted that these figures assume a thorough mixing 
of the sulphate solution with the whole body of water. They 
would not hold for the unequal distribution and resulting local 
concentrations already mentioned. 

In some reservoirs which have been formed by the extensive 
flooding of swamp bottoms there may develop objectionable 
growths of Crenothrix, a general term denoting an aquatic 
plant which at times gives much trouble because of its ten- 
dency to develop in the street mains and clog the pipes. It is 
often discovered quite unexpectedly, being dislodged by the cur- 
rent attending hydrant flushing or by the draft caused by fire 
engines. Dead ends are spots likely to harbor it, ‘and its long 
rusty filaments have been mistaken for horse manure. 

There are three types of the growth, each possessing the 
peculiarity of precipitating from the water in which it grows its 
own particular metallic hydroxide. By far the commonest of 
the three is. Crenothrix Kuhniana, which demands iron for its 
development and which deposits large amounts of iron hydrox- 
ide as the result of its growth. The iron required for growth 
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must be in solution, and the quantity demanded would seem to 
be about 0.3 part of Fe per million. 

In order that the iron may be in solution, we naturally would 
expect the dissolved oxygen to be low and the quantity of reduc- 
ing agents, such as organic materials, to be high, and those are 
the conditions that we find in practice to be favorable to the de- 
velopment of the plant. 

It is likely to be encountered in waters from swampy, peaty 
sources where dissolved oxygen is scanty and where the necessary 
iron in solution may be had. Driven wells in such localities fre- 
quently furnish it. Darkness favors its growth, and its develop- 
ment in city water-mains is often excessive, resulting in a 
material reduction of the carrying capacity of the pipes. The 
writer has some doubt about the “ manganese” variety of 
Crenothrix being as rare as some think it is, he having found 
large quantities of manganese in a heavy Wisconsin growth. 
Beythien and others! have, moreover, noted that the presence 
of manganese in water directly favors the growth of the ordi- 
nary form of Crenothrix. 

Beyond the mechanical stopping of street-pipes, Crenothrix 
is exceedingly objectionable to the laundry interests of the 
community, for the reason that its rusty filaments cause “ iron 
stains” to appear upon white linen. 

Removal of the iron by oxidation and filtration is the best 
guard against troubles due to Crenothrizx. 

It must not be sweepingly assumed that all the “ plankton’ 
life is to be rated as uniformly objectionable; quite the contrary, 
as a reasonable degree of it acts as a distinct help in maintaining 
the safety of natural waters. Thus we find “ bacteria eaters,” 
such as many kinds of ciliated infusoria, rotifers, daphnia and 
the like, feeding upon minute germ life, and doing so to our 
great advantage. 

To quote from a translation by Kuichling: “ The question is, 
what becomes of the great quantities of offal and excreta, the 
many remnants of decaying plants, the refuse of communities, 
and the finely-divided factory wastes of every description, which 
find their way into our streams, even under normal conditions, 
if a large portion thereof is not consumed by the aquatic detritus- 
eaters and the omnivorous fauna before settling to the bottom? ” 


*La Technologie Sanitaire, September, 1914, p. 61. 
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With a view to avoid the troubles arising from the undue 
growth of taste- and odor-producing organisms, the stripping of 
reservoir sites and the removal of a portion of the upper soil has 
been advocated and carried into practice. This, of course, entails 
very great expense when the surface to be stripped is at all ex- 
tensive, as in the instance of stripping the Nashua reservoir sup- 
plying Boston. At Columbus, Ohio, such work cost $159 per 
acre. 

In their report upon the probable cost of stripping the sur- 
face soil from the Ashokan reservoir site, which is to hold the 
water supply for New York City, Messrs. Hazen and Fuller 
stated it would possibly reach the great figure of $5,000,000. 

In view of the expense of such treatment for large reservoirs, 
the question is pertinent, “ Does it pay?” 

At Holyoke, Mass., the annual water report for 1908 says: 
“ Great care had been taken in cleaning and stripping the reser- 
voir by removing all vegetable and organic matter, thus lessen- 
ing to a minimum the food supply for supporting living organ- 
isms in the water. The thorough cleaning of the reservoir has 
not been wholly successful, as an aquatic plant known as ‘ Chara’ 
has grown and flourished in the reservoir all summer and im- 
parted to the water a taste and odor that made it unfit for drink- 
ing or even for cooking purposes.” 

Mr. J. M. Diven (“‘ American Water Works Association,” 
1908) has had interesting and contrasting experiences with both 
stripped and unstripped reservoirs: 

“The Elmira reservoir was as thoroughly stripped as pos- 
sible; great care was taken to keep out the first washing from 
the drainage area and the muddy flood waters. There was little 
or no marsh land on the drainage area, the catchment area being 
seemingly ideal. The reservoir was clean and clear; on the 
sides the slopes were abrupt, and there was very little shallow 
water. 

‘“ At Charleston, S. C., the drainage area was largely swamp, 
and there was much decayed vegetable matter on all of the area 
drained, the water being decidedly peaty. The reservoir covered 
a large surface, was shallow, and absolutely unstripped or even 
cleared. Much of the land flooded was composed of black muck 
or decayed vegetable matter. 

“In the first case (Elmira) the conditions were at the first 
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satisfactory and the water good for several years. But trouble 
from algal growth came in time and has steadily grown worse, 
in spite of strenuous efforts to remedy the condition. 

‘The second case (Charleston) was troublesome and un- 
satisfactory from the first, but has somewhat improved and 
promises to continue to improve.” 

The writer’s experience leads him to advocate the expendi- 
ture of comparatively little money in the preparation of sites 
for large storage reservoirs, for the reason that, although 
thorough stripping will likely give immunity from algal growths 
for some years, yet freedom from the occurrence of taste and 
odor in the stored water may not last for long. Sooner or later 
there will be carried into even the most carefully cleaned reser- 
voir enough food material to sustain a plankton growth of a den- 
sity governed by the local conditions. Broadly speaking, an 
“old bottom” is better than a new one, because it is likely to 
contain less plant food; but the rule has many exceptions. 

Even natural lakes are frequently seen “ in bloom,’’—that is, 
loaded with minute life,—and they so remain for a period during 
which their waters are not acceptable for domestic use. The 
character of the tributaries must be considered as well as the 
nature of the bottom of a proposed reservoir, for it is manifestly 
loss of money to improve the latter if the former can quickly re- 
place much of what has been taken away. 

For the sake of general appearances, if for no other reason, 
trees, shrubs and bushes should be removed. Dead, standing 
timber and fallen logs are most unsightly and are very likely to 
produce complaint from the visiting public. In other words, the 
reservoir site should be cleared and grubbed, with, of course, 
entire removal of every vestige of human habitation; but beyond 
that it scarcely pays to go. The portion of the flooded land lying 
between high-water and low-water marks should receive especial! 
attention, for the reason that during the periods of its exposure 
it is capable, if uncared for, of presenting an unpleasant appear- 
ance and provoking adverse criticism; with the further objection 
that heavy weed growth may develop if it be long uncovered, 
which growth will contribute toward the production of taste and 
smell when the water again covers it. 

In an instance where it was proposed to restore a dam that 
had been out of repair for over fifty years the writer advocated 
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the cutting off of the standing dead timber at the existing water 
level before closing the breach, in order to insure a better looking 
sheet of water when the reservoir filled. This was for appear- 
ances only, as all extractive matter had been leached out of the 
old vegetation long before. 

Aération, filtration, and the judicious, occasional use of cop- 
per sulphate constitute the processes at our disposal for combat- 
ing the annoyance arising from algal growths, and their use will 
give greater satisfaction than the expensive stripping of reservoir 
bottoms, a treatment which was so frequently advocated in the 
past. 
Dr. A. C. Houston, of the London Metropolitan Water 
Board, has undertaken some very extended researches upon the 
question of water purification as a result of storage. He found 
that in stored Thames water the death of typhoid bacteria took 
place rapidly, although the rate varied with the temperature 
of the water. In cold water they lived longer than in warm, 
and 50° F. seemed to be a critical point above which their 
mortality rate was much increased. 

In his 7th Research Report, Houston states that typhoid 
bacilli lived in stored raw Thames water for the following 
lengths of time: At 32° F., five weeks; at 41° F., four weeks; 
at 50° F., three weeks; at 64° F., two weeks. 

Even these figures do not tell the entire story. Put in more 
detail they read: 


At start. 1 week. 2weeks. 3weeks. 4 weeks. 5 weeks. 
«+ 103,328 47,766 
. 103,328 14,804 

103,328 69 
. 103,328 39 


He concludes: “ It is difficult to escape the belief that thirty 
days’ storage of river water is tantamount to sterilization, so 
far as the microbes associated with water-borne epidemic disease 
are concerned.” 

When experimenting with an artificially-infected water to 
determine the effect of storage upon the typhoid bacillus, Dr. 
Houston felt that any error so introduced was upon the side of 
safety, because he had previously shown the “ cultivated” 
typhoid organism to have a greater longevity than the “ natural ” 
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Bacillus typhosus. In his report he dwells at length upon the 
advantages to be derived from “adequately storing the raw 
impure river waters.” Even if there were no economic reason 
for storing a river water before rather than after filtration, yet 
it would be well to follow that course, aside from any question of 
algal growths, for the reason that sedimenting silt greatly assists 
in bacterial removal. Placing the word “raw ”’ in italics was, 
therefore, a matter of good judgment. 

Dr. Houston adds: “I am well satisfied that a well-stored, 
rapidly-filtered water is likely to be safer than an unstored, 
slowly-filtered water.” 

It is possible to go even further than this, for one can see 
how dangerous it might be to deliver, directly to the consumers, 
the water of a small and apparently pure mountain stream. The 
dejecta of a single typhoid carrier would render so small a 
volume of water highly infectious, if no storage intervened, and 
an outbreak might follow, such as occurred at Plymouth. 

Although Dr. Houston is doubtless sound in his judgment 
that a great measure of safety will result from four weeks’ reser- 
voir storage of a polluted water, yet we must be assured that 
the period of storage is real and not simply apparent; or, in other 
words, ,we must know that all of the water really does remain 
in the reservoir for the specified length of time before it is used 
for public consumption. 

Where the inlet and outlet of a reservoir are near together, 
as is not uncommonly the case, it makes but little difference 
what the capacity of the total storage may be; the water simply 
slips in and out again with practically as little stay as though 
the reservoir were a standpipe. 

If the lake be long, narrow, and deep, and all of its water be 
obliged to traverse its entire length before being taken for sup- 
ply, then the conditions would appear ideal for purification of 
the inflowing water before the outlet was reached, and yet even 
under those excellent conditions it is possible to have introduced 
unexpected and upsetting factors, as is instanced by the history 
of the typhoid epidemic at Auburn, N. Y. 

Lake Owasco is one of the so-called “finger lakes” of 
western New York. Its length is about ten miles, breadth one 
mile; its watershed is about 190 square miles; and its depth 
is about 175 feet. A small stream enters its head, and Auburn, 
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a city of some 30,000 inhabitants, has an intake located at the 
north end or foot of the lake and forty feet below the surface. 
The temperature of the water at that point in May, 1913, | 
found to be 42° F. 

The peculiar feature of the case which has special interest 
here is the possibility of polluting material of fecal character 
being transported from a village near the head of the lake, down 
the inlet stream, and then northward for the entire ten miles 
of the lake’s length to the Auburn intake situated near the lake 
outlet. 

We have all faithfully held to the dictum that “ sedimenta- 
tion and time ” are the great purifying agencies upon which to rely 
for the natural improvement of a once polluted water ; and it takes 
a good deal of evidence to persuade us that sewage of a small 
village could make the trip down such a lake in a length of time 
and in such a manner as to dangerously affect the water of the 
lower end. Experimental data, however, have been secured 
showing that such a result can actually take place. Investigation 
showed the following facts: The village sewage was, of course, 
small in volume, but during the winter months it was deposited 
at several points upon the banks of the inlet stream and there 
it collected in a more or less frozen condition until the occur- 
rence of the spring thaw, at which time there was opportunity 
for much accumulated fecal material to be washed into the 
lake in a state of suspension. There was also a chance of its 
being actually ferried upon cakes of ice, for the reason that 
certain privies were located upon bridges and fecal matter 
was dropped upon the very centre of the ice-covered stream. 

As stated, the shape of the lake is long and narrow and its 
axis lies north and south. It must be further noted that the pre- 
vailing wind is from the south, with a tendency to blow the sur- 
face water directly toward the city intake at the north end. 

By means of triangulation and the use of floats constructed 
so as to be moved by water currents existing at the different 
depths of from five to twenty feet, it was ascertained that the 
upper strata of water moved northward with the wind, as would 
have been expected. The rate of this movement being ascer- 
tained, it was found that with relatively light winds the move- 
ment of the water down to a depth of five feet amounted to 
about three per cent. of the wind movement, while at lower 
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depths this water movement diminished to as low as three- 
quarters of one per cent. of the wind movement. Thus, to quote 
from the figures of Mr. Ackerman, who made these tests, with 
a wind movement of six miles per hour the percentage which 
the water movement was of the wind movement was as follows: 
At 5 feet depth, 3.2 per cent.; at 10 feet depth, 1.74 per cent.: 
at 15 feet depth, 0.87 per cent. ; at 20 feet depth, 0.75 per cent. 

With a higher wind velocity the water also travelled with 
greater velocity, but its movement was then not so large a per- 
centage of the wind movement. Thus, with a wind blowing 17 
miles an hour the water movement at a depth of five feet 
amounted to but one and a quarter per cent. of that of the wind. 
Ftom these data it was easy to calculate that pollution enter- 
ing the head of the lake could make the trip to the foot of the 
lake in three days of less. 

Knowing, as we do, from Dr. Houston’s experiments, that 
cold water below 50° F. will favor the longevity of the typhoid 
fever bacillus, it is easy to see how entirely possible it would be 
for living germs to reach the intake in dangerous condition. 

It will be noted how striking is the resemblance which some 
features of this case bear to the classic instance of the outbreak 
of typhoid fever at Plymouth, Pa., where the whole trouble came 
from the dejecta of a single individual being thrown out upon 
a hillside where it froze and accumulated for weeks and finally, 
upon the coming of the thaw of spring, was washed into a stream 
tributary to the city reservoir. This sudden washing of ac- 
cumulated fecal material furnished in both of these instances a 
volume of pollution out of all proportion to the amount which 
would be daily derived from the contributing population during 
ordinary times of fair weather, and as a result it overtaxed and 
broke down nature’s ordinary means of purification and pro- 
tection. 

There is no question but that this particular case, showing, 
as it does, the dangers that may arise from such winter accumula- 
tion, and showing further the possibility, under favorable condi- 
tions, of the transportation of such material over considerable 
distances in a lake, will cause many of us to materially amend 
our notions about the dependence to be placed upon lake and 
reservoir storage as a means of protection against the evils 


{J. F. 1. 


three- 
> quote 
S, with 
which 
rllows : 
" cent. : 
cent. 

d with 
a per- 
ing 17 
ve feet 
> wind. 
enter- 
of the 


‘s, that 
yphoid 
ynuld be 
tion. 

h some 
itbreak 
e came 
t upon 
finally, 


stream 
of ac- 
inces a 
which 
during 
ed and 
d pr‘ - 


owing, 
umula- 
condi- 
lerable 
amend 
xe and 
p evils 


April, 1914-] RESERVOIR STORAGE. 383 


following water pollution. We should not trust to simple 
storage without a thorough knowledge of just how it is being 
accomplished. The writer has in mind an instance of a large 
lake some five miles in length which has a stream entering 
within one mile of a city intake, and, because of the entering 
water having a low specific gravity,-there is a possibility of its 
flowing over the surface of the lake toward the intake whenever 
the wind is in the right direction. The great length of that lake 
is, under such circumstances, of small value for purification 
purposes. 

All of this certainly goes to show that we should be cautious 
about banking too strongly upon the efficiency of reservoir purifica- 
tion under all circumstances, and it demonstrates the necessity 
of our being well acquainted with the conditions surrounding 
each individual case before venturing an opinion on the matter. 

It should be noted here that, in judging of the bacterial effi- 
ciency of lake or reservoir storage, the interpretation of the re- 
sults of an examination may be obscured by an increase in the 
total count of bacteria reported due to the disturbing influence 
of the spring or autumn “ turnover.” 

In conclusion, permit a word to be added concerning the value 
of storage as a protection against spreading disease through the 
use of an “emergency” water supply. The underwriters very 
properly insist upon a sufficient fire service, which shall be avail- 
able in the event of a temporary breakdown of the regular dis- 
tribution system. It too often happens that upon such occasions 
a very inferior water is supplied by the “emergency intake,” 
and as a result of its use there follows an outbreak of typhoid 
fever. Commonly, some old intake is allowed to remain in 
place for “emergency service,” when pollution of the former 
supply has so grown in intensity as to force the authorities to 
seek a new source for public water. 

Further fouling of this old supply goes on progressively as 
population increases, until after some years the water becomes 
practically dilute sewage. Suddenly some accident to the regular 
water system induces the authorities to open the old gates, and 
the result may be imagined. 

Such has been the history of typhoid epidemics in a number 
OT cities. 
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Storage for a sufficient length of time, supplemented, if neces- 
sary, by an appropriate dose of bleaching powder, will render 
even a poor water acceptable for emergency uses, and the reser- 
voir capacity for such storage need not be large. 


(There followed lantern slides giving photographs of various forms of 
microscopic animal and vegetable life, especially those that produce taste or 
smell in water. Views were also shown of reservoirs before and after strip- 
ping; floats used to measure lake currents, and methods for protecting a 
water-shed against pollution.) 


Radio-active Thermo-mineral Waters. G. MassoL. (Comptes 
Rendus, clv, 373.)—The springs at Usson consist of three groups: 
(1) three springs at Source Condamy ; (2) one spring at Source des 
Plaies; and (3) two springs at Source Soumain. They all contain 
about the same quantity of sulphur. The waters from the first two 
groups evolve on boiling about 16 to 20 c.c. per litre of gas which 
contains about 1 per cent. of carbon dioxide and hydrogen sulphide, 
the residue being nitrogen and inert gases. The gases are radio- 
active, and the calculated activity of the waters is the same for both 
groups. 


Sweden’s Hydro-electric Development in 1911. ANon. (Sci. 
Amer., cvii, 9, 175.) —The hydraulic plants erected in Sweden in 
I9II amount to nearly 40,000 horsepower, and if the extensions to 
existing plants are included, the total will reach 67,667 horsepower, 
as against 62,385 for the preceding year. These figures refer only to 
electric power plants installed by private companies. The height of 
the fall used here is generally made 80 feet, but varies up to 240 feet. 


The Electric Furnace and Ferro-silicon. ANon. (Sci. Amer., 
cvii, 9, 175.)—The electric furnace process is very advantageous for 
the production of compounds of iron and silicon or ferro-silicon ; 
and even pure silicon can be produced. By the usual blast-furnace 
methods the best that can be obtained is a product containing a maxi- 
mum of 20 per cent. silicon, but much richer compounds are obtained 
by the electric process. Moreover, the impurities, such as calcium, 
manganese, carbon, etc., are much lower than by the old process. 
Ferro-silicon containing less than 30 per cent. or over 65 per cent. 
of silicon is stable, but products between 30 and 65 per cent. are easily 
decomposed. From the chemical standpoint it is admitted that there 
are three iron silicides, and perhaps two others. The present process 
is now being operated in Europe and is covered by patents ; the electric 
furnace somewhat resembles a calcium carbide furnace, but to obtain 
good results a large-sized furnace is essential. They should also be 
near to the supply of raw material, and should have good trans- 
portation facilities for the finished products. 


LIGHT SIGNALS.* 


A DISCUSSION OF THE OPTICS, SOURCES OF ILLUMINATION, AND MOST EFFICIENT 
DISTRIBUTION OF LIGHT FOR RAILWAY SIGNALS GIVING DAY AND NIGHT 
INDICATIONS. 

BY 


Cc. O. HARRINGTON, JR., 


Union Switch and Signal Company, Swissvale, Pa. 


CHAPTER I. 
ELEMENTS OF SIGNALLING. 
Introductory. 
For the benefit of those not familiar with modern practice, 
the author believes it best to outline the purpose of railway 


signals. 


To permit the safe handling of traffic, it is necessary to 
provide a minimum space interval between trains running in 
the same direction, and, in addition to this, on single-track lines, 
to control meeting points for trains running in opposite direc- 
tions. Where tracks cross at grade it is necessary not only to 
give one train the right to proceed but at the same time provide 
a means of stopping certain other trains which might attempt 
to use the crossing at the same time. Starting with a flag and a 
lantern, many forms of sighals have been developed, all being 
designed to convey orders to the runner, to “ signal ” him whether 
he is to stop his train or proceed with safety. Within the limits 
of this paper there is no space for discussion of the numerous 
signals which have been used; it is enough to state that present- 
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day practice favors the “ semaphore” signal, which in its latest 
“upper quadrant ” type is shown in Fig. 1. The semaphore arm 
is composed of a wooden or metal blade S attached to a heavy 
metal frame T known as the “ spectacle,” which carries three 
colored glass “ roundels,” r, 7, 7; behind these roundels there is a 
lantern, and at night the color of the light is thus determined by 
the blade’s position. The different aspects presented by this 
semaphore and the “ indications ” or orders which these aspects 
convey to the engineer are given in Table I, which also shows the 
corresponding colors commonly used for night indications. All 
parts are properly counterweighted to insure the semaphore arm 
returning by gravity to the “ stop” position. 


TABLE I. 
Aspect Fig. 1. — ae Indication. 
Sata cha es 0° Red Stop. ‘ 
itpaty snes ok 45° Yellow Proceed with caution, expect- 
ing to stop at next signal. 
_ AE Ler go° Green Proceed. 


The Block System. 


In controlling the spacing of trains in his territory, a dis- 
patcher must maintain telephone or telegraph connection with 
numerous agents or operators to whom he can transmit orders 
for stopping trains. His division is subdivided into a number 
of “blocks,” this appellation being given to the distance, perhaps 
two, perhaps ten miles, between his agents at the block stations. 
Any agent when so ordered by his chief or for sufficient reasons 
of his own may display a stop signal and detain a train for orders 
or until he gives the engineer and conductor permission to proceed. 

The usual practice in “ telegraph block ” signalling is to per- 
mit but one train at a time to occupy a block, though two or more 
freight trains may under certain conditions be allowed to occupy 
the same block under restrictions somewhat limiting speed. As 
the number of trains increases, the length of the block must be 
shortened, necessitating additional stations and operators. Both 
the expense of maintenance and the annoyance of train delays will 
then increase rapidly. As a result, the “ automatic block ” system 
is desirable and is now in extensive use, either as a supplement 
to the telegraph block or superseding it altogether. While this 
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does not relieve the dispatcher of his duties in getting trains over 
the division, it enormously increases the capacity of the line on 
account of the greatly diminished space interval between trains, 
and at the same time, as may be seen from the ensuing descrip- 
tion, it adds greatly to safety by substituting for the human 
element an automatic train spacing. Experience has shown the 
automatic block system to be very dependable, millions of correct 
signal operations being obtained for every dangerous failure. 

Reduced to its elements, the automatic block system consists 
of a series of track circuits, each of which controls an automatic 
signal, these circuits being so constituted that when the rails of 
any track circuit are short-circuited by the wheels and axles of a 
train the signal which this track governs is allowed to assume the 
stop position. 

The automatic signal is usually a semaphore arm (similar to 
Fig. 1) whose position is controlled electrically by a battery M, 


FiG. 2. 
il. 


an electric motor, and a system of gears and holding magnets. 
Referring to Fig. 2, p and g represent the two wires connecting 
battery M with the electric mechanism operating the semaphore 
S; opening the circuit pq de-energizes the magnets holding S in 
the clear position and allows the semaphore to drop back by its 
own weight to the stop position S,. The position of S may thus 
be controlled by a relay T, the magnets of which when energized 
cause contacts «y to close, thus completing the circuit between 
battery M and signal S. 

The track to be signalled is divided into a number of short 
“blocks ’’ A, usually about 4000 feet long, by insulated rail 
joints a, and each block A thus constitutes a local circuit. At one 
end of this block a few cells of battery are connected to the track, 
and the current from this battery passes through the rails to the 
4-ohm relay T at the opposite end of the block and energizes the 
magnets of this relay so as to close contacts xy. To maintain 
electric continuity, the rails are “ bonded ” as illustrated in Fig. 3. 
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When a train enters section A, the wheels and axles consti- 
tute a very low resistance “ shunt,” and relay T is de-energized, 
allowing the signal to return to the stop position, where it will 
remain so long as the train occupies the block. As the entire 
division is composed of a succession of block sections A, a train 
is always protected by a stop signal behind it, which forbids a 
following train entering the occupied block. 

Trains are frequently run at such speeds, on such descending 
grades, and with such brake equipment that it is impossible to 
stop under 3500 feet ; the track alignment or the location of signals 
is very often such that an unobstructed 3500-foot view cannot 
be had, and, even when such a range is possible, weather conditions 
may be such that the signal indication cannot be read at that 
distance. It is, therefore, deemed necessary to arrange the auto- 
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matic signal circuits so that the presence of a train two blocks in 
advance may be indicated as a warning to following trains. 
Many schemes are in use to secure this protection, but space per- 
mits only the description of the “ three-position ”’ automatic 
block giving the “‘ proceed,” “ caution,” and “ stop ” aspects illus- 
trated in Fig. 1. 

To understand the protection afforded by this system, refer 
to Fig. 4. A, B, C, etc., represent the adjacent sections of a 
continuous automatic block system; a, b, c, etc., are the signals 
governed by these sections; the position of every signal is gov- 
erned, first, by the track relay of its section (see Fig. 2), and, 
second, by the position of the signal in advance ; thus while there 
is no train in block E the signal e is standing at caution, indi- 
cating that the block D is occupied and warning the engineer 
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to reduce speed. The most dangerous condition occurs when 
a train X has stopped immediately after entering block B; but 
the reader will note that the following train Y is warned by 
signal c in the caution position that he must be prepared to stop 
at b. The necessity for such protection has been emphasized in 
practice. For example, in the situation shown in Fig. 5, where no 
caution signal has been provided and train O has stopped just 
inside block M, a following train P would get a proceed signal n, 
and would not slacken speed. The severity of a collision would 
be aggravated if stop signal m were visible only a short distance. 


Range. 
Analysis of the signalling system in Fig. 4 will show the 
reader that the range of a signal—the distance from which an 
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indication can be clearly recognized under most unfavorable 
conditions—together with the maximum distance required to 
brake trains to a standstill, jointly influence the speed at which 
trains can be safely operated. Before fixing the signal range, 
which is to some extent variable and determined by the design of 
the signal, due consideration must be given to the factors of 
speed and braking, which cannot be varied without great incon- 
venience and expense. Speed is limited by the topography of the 
country which a railroad traverses and by the maintenance and 
quality of roadway and equipment. The condition of the air 
brakes is by far the most important factor influencing speed. but, 
as the effect of brakes is itself varied by grades, it is necessary to 
present a series of curves for different grades if any accurate 
idea of brake performance is to be obtained. 

It is with some hesitation that the author ventures a discus- 
sion of braking distances, realizing that many factors must be 
taken into account, and that, therefore, any comprehensive or 
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universal statements are impossible. Moreover, as improvements 
brake design are keeping pace with those in other progressive 
ranches of engineering, all present data may soon become obso- 
ete. The curves, Fig. 6, are submitted merely as an indication of 
hat will be obtained under the assumed set of conditions which 
ire believed to be typical of brake equipment and maintenance 
umonly found to exist on passenger trains. \Ve may consider 
these curves typical of the distances required to make “ full ser- 
vice’ and “ emergency ” stops with good average brakes of the 
linary “ high-speed ”’ type and 110 pounds brake-pipe pressure 
ngines running light may sometimes exceed these braking dis- 
inces, as they are not braked up to their full wheel load. 
Empty freight cars can be braked readily enough, but a train 
i loaded cars is harder to handle, as it is not yet customary to 
increase the brake-shoe pressure on loaded cars over that -on 
empties ; as a result, a loaded freight train is usually only braked 
to about 20 per cent. of its wheel load. Unless the speed is care- 
fully regulated, especially on falling grades, such a train will 
require a very great distance to brake to a standstill. One can- 
iot, therefore, predict any definite maximum braking distance for 
freight trains. It is safe to assume, however, that common 
ee limits the ney and load of freight trains to a point where 
they can be stopped in in 3000 to 4000 feet. Where conditions 
exist where it is sachet 0% or undesirable to keep within this 
imit, it is necessary to provide longer blocks or else to use some 
verlap protection as illustrated in Fig. 63. 
The intersections of the vertical lines with the curves of Fig. 6 
licate the speed in miles per hour permissible if a train is to be 
opped by signals whose ranges are denoted by these vertical 
Unless means be provided to give advance warning of its 
average conditions will seldom allow a signal to be 
ognized at sufficient distance to insure bringing a fast train to 
i stop without overruning the block, and the caution indication as 
lescribed in Fig. 4 was accordingly designed to prevent trains 
ipon stop signals without advance warning to reduce 
Every precaution is taken to prevent a train from a siding 
the main line after an approaching main line train has 
second signal in the rear. It may be said that on 
gnalled road only deliberate violation of the book of 
a train crew, or an accident to rolling stock or structure, 
CLXXVII, No. 1060—29 
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can cause a stop signal to be presented in the face of a tra 
authorized by the last signal to “ proceed at full speed.” Ther 
fore, arguments for long-range indications as a means to preven 
ovetrunning a “ stop”’ signal, though certainly worthy of atte: 
tion, concern a theoretical factor of safety and cannot be sa 
to have a direct bearing on the normal operation of trains. Ther: 
remains, however, this very practical consideration: trains ar: 
frequently passing “ caution”’ signals directing the engineer 
bring his train under control so that he can stop if necessary at 
the next signal. It is not always possible or customary to locate 
caution signals as far behind home signals as would be necessar\ 
to insure all trains being stopped without overrunning the hon 
signal if the runner does not apply brakes before passing the cau 
tion signal. For this reason, it is an advantage to have a distant 
signal which can be seen 1500 to 2000 feet, as the long range of 
this signal will have a similar effect to a signal of shorter range 
set farther back of the home signal. Reference to Fig. 6 will 
show that a signal having 2000 feet range can be seen far enough 
to brake an express train from 54 miles an hour to a standstill 
on level track without overrunning the block if the runner makes 
a “ full service’ application when he first sees the signal. It is 
obvious that with such signals both the safety and convenience of 
train operation is increased, especially where caution signals are 
located but a short distance from the home signals which govern 
them. Moreover, the increased range results in the runner being 
able to avoid excessive braking and still obey signals. 

Those interested in a more complete description of block 
signalling are referred to Mr. J. B. Latimer’s book, “ Railway 
Signalling in Theory and Practice’ (Mackenzie-Klink Publish- 
ing Company, Chicago). 


CHAPTER II. 
THE LIGHT SIGNAL. 


Having considered the elements of signalling, we can now 
intelligently study the factors involved in the design of light 
signals. 

The ordinary semaphore lantern used for night indication is, 
strictly speaking, a light signal; it projects a beam of approxi- 
mately 60 candle-power, which, while sufficient for a range of one 
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to three miles at night depending upon atmospheric conditions, 
s not designed for daylight indications. Throughout this article 
we shall use the term light signal in its customary significance as 
referring to signals projecting sufficient candle-power to afford 
satisfactory indications in daylight, as well as night. 

Small light signals having a daylight range of 100 feet or 
more have been used for years on trolley roads, principally to hold 
ars on passing sidings; they have also been used in tunnels and 

stations, and locations where the subdued light is favorable 

ir displaying a signal of low candle-power. The first extensive 
ypplication of light signals to railroad service was the installation 
n the Pennsylvania Tunnel and Terminal Company in 1910. 
These signals were designed by the Union Switch & Signal Com- 
pany and were of the form shown in Fig. 7, the indications being 
given by one 40 watt and one 20 wall Tungsten lamp behind each 
lens, the lenses being colored as indicated in Fig. 7. In these 
signals it was not necessary to secure a range of more than 500 
feet, consequently small lenses with large lamps behind them so 
arranged as to give considerable spread to the projected light 
were found satisfactory. 

In these initial light signal installations color only was em- 
ployed to give an indication and this practice has been maintained 
throughout the developments of the last four years. During this 
time light signals have been employed to some extent, both for 
nterlocking and automatic block signalling on interurban lines. 

lt has been found advisable, however, to constantly increase 
the range of light signals, and as a result the design has been 
altered from Fig. 7 to Fig. 8, which illustrates a construction now 

service. The colored lenses G, Y, R are placed close 
together to economize space, and in order to make the lights 


clearly visible in sunshine at ranges of 1000 feet or more it has 


proved necessary to surround the lenses with a large background 
{ and enclose them in a hood B, both A and B being prefer- 
ibly painted black. With this arrangement uncolored glass 
would project a candle-power of about 400, and the color densities 
used in the signal are such that it may be seen 1000 feet or more 
under reasonable conditions. 

As electricity was usually cheap and convenient in these light 
signal installations, it has been customary to burn behind the 
lenses (Figs. 7 and 8) 25-watt or 40-watt lamps, of which Fig. 


/ 
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17 is anexample. This arrangement is not economical and t! 
increasing need for longer ranges at low power consumption ha 
determined a marked increase in the efficiency of light signal 
which we will further describe under the headings of “ Lamps 


FIG. 
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sectional side view. Front view 


Suspended five-light electric light automatic signal. For daylight indications 


and “‘ Lenses.” The reader may at this point be interested 1n 


noting the curves in Fig. 24, which illustrate how, by reducing 
the size of the filament, we have been able to increase the inten 
sity of the projected beam from 400 to 6000 or 7000 candle- 
This efficiency is further augmented by selecting the 
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proper lenses, this being discussed on another page of this paper. 
(o anticipate, we may here state that the candle-power of a light 
ignal has been made fifteen or twenty times greater at the same 


an actual reduction in power consumption has been 


1° 


this being accomplished by employing lamps and 
the highest possible efficiency. 


mstruction shown in Fig. 8, two lamps have been 
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mounted behind each lens, the front lamp being in focus and pri 

jecting about 90 per cent. of the total beam candle-power, th: 
rear lamp being burned as a safeguard in case the front lamp | 

burned out. A combination lens is used having an especially wid 
angle and a very short focus and thus collecting a large percentag: 
of total spherical candle-power of the front lamp. On account 
of the short focal length of this combination lens, the rear lamy 
is far out of focus, and a reflector has therefore been provided t. 
superimpose the image of the rear filament upon the front fila- 
ment, as otherwise the lens would be very slightly illuminated |) 

the rear lamp. ‘To decrease power consumption and increase th¢ 
life of lamps, it is possible to utilize the well-known device of a 


FIG. 9. 


relay (Fig. 9) connected in series with the front lamp. In this 
case the rear lamp is held in reserve and lit only when the front 
lamp burns out, closing the back contact of the relay and complet- 
ing the circuit of the rear lamp shown. 

Light signals are being installed in increasing numbers, at 
present chiefly on electrified roads and interurban lines. These 
signals are safe and easily maintained; they occupy small space 
and they may be readily recognized in congested territory or wher¢ 
the right of way is obstructed. Their current consumption is to 
high to permit economical operation from batteries, except 
where very low candle-power is required or where signals are dis- 
played only for short intervals of time. Where power is avail- 
able, either alternating or direct current, light signals may be 
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operated cheaply, require minimum attention, and provide a very 
high factor of safety. Suitable power is now becoming abun- 
dant, for in recent years alternating current has been supplanting 

atteries for the operation of automatic block signals. Its use 
makes possible the elimination of failures due to foreign direct 
current in the track circuit and also effects increased economy in 
maimtenance 

It would require too much space to discuss the advantages 

alternating current signalling; if interested, the reader is 
referred to a series of articles on this subject by Mr. Harold 
McCready, appearing in the Signal Engineer between May, 1913, 
and this date, and to the historical reviews of alternating current 
signalling published in the annual proceedings of the Railway 
Signal Association for the past four years. 

If the light signal is to be adapted to the needs of modern 
signalling it must be sufficiently prominent to control fast trains, 
and at the same time its current consumption must be reduced 
to a minimum, for, even though power be reasonably cheap, the 
current taken by the light signal lamps, 24 hours a day, will repre- 
sent a large percentage of the total operating cost of a signal © 
system employing light signals. It is also desirable to keep down 
the first cost of a signal installation by reducing the power taken 
by each signal unit, as this frequently-permits economy of copper 
in that very expensive element, the power transmission line. 

The design of a light signal, therefore, aims at securing the 
greatest range with the least lamp wattage, and the remainder 
of this paper analyzes those conditions and theories upon which 
correct design must be based. 


CHAPTER III. 


THE INCANDESCENT LAMP AND ITS INFLUENCE ON LIGHT 
SIGNAL DESIGN, 


If increase in the efficiency of light signals is to be secured, 
there are two factors which assume primary importance. The 
projector, as we may call the lens or reflector, must be designed 
to utilize the greatest possible percentage of the lamp’s total 
spherical candle-power, and to distribute this light in the most 
efficient and satisfactory manner. The source of light must be 
f such size and so located as to permit the greatest possible pro- 
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portion of its total spherical candle-power to be projected 
useful light. The source of light—in our case the lamp filament 
will be considered first as having the most marked influence 
efficiency, but, before anything further is said, we must unde: 
stand two principles underlying the design of a signal or reflecto: 
Neglecting several factors which influence the range of « 
signal light, the “visibility” of a light—the effect which 
produces on the observer’s eye—is proportional to the candle-fo 
illumination at the observer’s station. One candle-foot is 
illumination equal to that thrown by a one candle-power light on 
a surface one foot away. Obviously, if you take a naked light, 
the candle-foot illumination at any point is equal to the candle 
power of the light divided by the square of the distance in feet 
between that point and the light, for, referring to Fig. ro, the 


Fic. 10. 


same amount of light that falls on a surface a distant J. fron 
the source of illumination O will be distributed over a larger sur 
~ - . . . ] b i - 1 
face b if the distance is increased to Js, and — = —> ; therefore th 
. ba 

amount of light falling on a surface a’=a, distant /» from 

~ of the light received by surface a. It will thus 
te 4 


be seen that the illumination afforded by a light diminishes very 
rapidly as the distance increases. 

Figs. 11 and 12 show respectively a lens and a parabolic 
reflector, both concentrating that portion of the total spherical 
candle-power included in the shaded cones bounded by the lines 
AoB and A’oB’. The effect of this concentration is to increase 
the useful candle-power by avoiding dispersion of light where 
it is not needed. It might be thought that by combining a perfect 
projector with a point source of light, and so focusing it as to 
project a parallel “tube” of light, this law of inverse squares 
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would no longer hold and the candle-foot illumination would be 
the same at all distances; as a matter of fact, no commercial lens 
r reflector can be built without giving some spread, and it is like- 
wise impossible to secure a point source of light, consequently 
the light from any lens or reflector will always be projected as a 
cone having greater or less spread, depending upon the con- 
struction and also upon the area of the source of light, and the 
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law of inverse squares may be said to apply universally. The 

amount of spread has no effect on the law of inverse squares, but 

it changes the candle-power decidedly; referring to Fig. 13, lens 

collects all the light from source O included in the cone XOY 
B 


i= cos 
angle B, and projects this light, which is ———— Of the 


tal spherical candle-power in a cone of much smaller angle 4 


Now the candle-power of the projected beam 4 is photometered 
ht of known candle-power S into such a position 
that the illumination thrown by this standard lamp on a small 
hotometer screen having area a is equal to the illumination 
received from lens K. The candle-power of K is then deter- 
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moving a 


ned simply by the law of inverse squares, viz., Kcp = —; Scp. 
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Obviously, the greater the angle A the greater the area C over 
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which the light from K is spread and the smaller the percentage 

the total light YOY received by the photometer screen a, wh 

area remains unchanged. Were the candle-power the same 
throughout angle 4, we could say that the candle-power of a lens 
varied inversely as the square of its spread; but the candle-power 
at different angles throughout A varies somewhat as shown |) 
curve MNP, where the distances from O’ to this curve represen 


FIG. 14. 
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candle-power. Thus we cannot make any general statement, 
except that the candle-power of a lens or reflector decreases 
rapidly with the spread of the projected rays; the exact decrease 
can only be given for specific cases. 


Lamps. 


Only tungsten lamps will be considered as a source of illumina- 
tion, as they are more economical and satisfactory than carbon 
lamps; a carbon lamp of the small candle-power desired will 
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require 3 to 4 watts per candle-power, while tungsten lamps of 
the same size will require only 1.25 to 1.5 watts per candle-power. 
Furthermore, the light from the tungsten filament, even when 
burned under voltage, conforms more nearly to that of sunlight 
than does the carbon filament lamp, the shorter wave-lengths of 
the tungsten lamp between the D and H lines of the spectrum 
being more powerful (see Fig. 69) ; moreover, the reduction in its 
-andle-power, due to lowered voltage, is less than that of the 
carbon lamp, as can be seen by inspection of the typical voltage = 

ndle-power curves for tungsten and carbon filaments shown 
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ght for locating a lamp filament correctly at focus of I 
use which can be aligned correctly with lamp filament and thus correct 
nanufacture of lamps. 


re ~—- 


If efficiency be measured by the watts energy required to 
ject a certain candle-power from a lens or reflector, it 1s 
bvious that the greatest efficiency can be secured by concentrat- 


ng the light in the smallest possible space as close as possible to 


focus of the lens or reflector. Referring to Fig. 15, you will! 

te that all that portion of the filament ry lying outside the 
focus F of the parabola projects diverging rays, and that only 
hat portion of the filament located at F is really efficient in 
jecting candle-power ; the same is true of a lens. lor manu- 
turing reasons it is not practicable to concentrate all the light 
point, and it is not desirable to reduce the spread of the 
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projected beam too much. As the source of illuminati 

ipproaches a point, a very small shifting of the lamp globe 

throw the incandescent filament out of the focus; in the ma 

facture of incandescent lamps and lamp parts '/,, inch to 

inch variation in the location of the filament is to be expected 

a very small filament is used it is advisable to provide an adjus 
so that when renewing a lamp the 
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able lamp socket 4, Fig. 16, 
FiG. 17. Fic. 18. 


maintainer can readjust the socket to bring the filament right 
at the focus, using a finder X to determine the 
filament; or the base K of every lamp may be located in exactly 


» correct location of 


I 


the correct relation to the filament, as shown in B, Fig. 16, so that 


all lamps will be interchangeable without any readjustment « 
Unless this is done, the size of the filament must 
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the signal. 
ncreased to compens2te for variations in its location, 
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hick 


secure a certain candle-power and spread of light with 
concentrated filament accurately located at the focus of the sig 
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lens or reflector. If we attempt to use lamps having a '/,, inch 
variation in position of filament and expect to renew these lamps 
without any adjustment, we must increase the lamp watts to al ut 
50 to compensate for variations and prevent the spread or the 
candle-power of the signal from being seriously affected by a 
change of lamps. Similarly, % inch variation in the location of 
lamp filament would require an increase to 110 watts to com- 
pensate. Undoubtedly the best results can be secured, and at 
the least expense, by accurately locating the filament with respect 
to the base, as otherwise the maintainer will have to re-align the 
lamp receptacle every time he renews a lamp. 


FiG. 24. 
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Comparison of different lamps behind the same lens. 


Within the past year manufacturers have done much to 
develop a concentrated filament lamp by winding the tungsten 
filament in a fine helical coil and looping this coil over the filament 
supports. As an example of the extent to which the light has 
been concentrated, the author submits photographs of seven 
tungsten lamps (Figs. 17 to 23 inclusive) ; Fig. 23 is a “ cork- 
screw” filament automobile headlight lamp, which has been 
in use for several years in parabolic electric headlights. In this 
connection it is interesting to note the comparative distribution 
of light from the inverted lens illustrated in Fig. 44 with different 
types of filament, and the curves in Fig. 24 have been plotted to 
show the candle-power at different angles from the optical axis 
of lens. 

As mentioned earlier in this paper, an enormous increase in 
candle-power has been obtained, even where the power consump- 
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tion has actually been decreased, by concentrating the illumination 
at the focus of the lens, instead of permitting a large spread of 
illuminated filament similar to Fig. 17 where a considerable per- 
centage of the filament has little value for projecting light. 

The use of two lamps in multiple as shown in Fig. 8 is some- 
what uneconomical. The rear lamp is out of focus, and, even 
when provided with a reflector, can only give about 10 per cent. 
of the total beam candle-power ; the rear lamp has been provided 
principally as a safety factor to furnish light in case the front 
lamp burns out. Of course, a “cut in” relay (Fig. 9) may be 
provided, to insure one fresh lamp being held in reserve and 
thus avoid all possibility of both lamps burning out at nearly the 
same time. The logical solution is to use only one lamp in each 
signal and renew all lamps at intervals, based on a careful obser- 
vation of their life. By keeping an extensive record of lamp per- 
formance it is possible to forecast the life of lamps with con- 
siderable accuracy, and it is thought that lamp failures may, 
under this system, be reduced much below the percentage of fail- 
ures now experienced with oil-burning lanterns. The few lamps 
which burn out before the date set for renewal will entail small 
delay, and can be reported by the engineers discovering them. A 
signal which fails to give any indication will always be inter- 
preted as “ Stop,” and a burned-out lamp is, therefore, not a 
source of danger where the signal pole or case can be seen. In 
the daytime the background of a light signal is distinct, and there 
is no danger of an engineer passing a signal if the light is out. 
\s the case and hood are painted black and are, therefore, incon- 
spicuous at night, there is then nothing but the light to inform 
an engineer that he is approaching a signal, so that if this light 
were out he might pass the signal without knowing it. Moreover, 
the light signal is usually controlled by a relay or by a circuit con- 
troller of some sort as illustrated in Fig. 48, and to present a cor- 
rect stop signal indication we must close a circuit and cause a 
lamp to burn—a principle entirely at variance with the best 
practice in signalling, which requires that a signal indicate stop 
whenever the circuit fails to close, so that a broken wire or im- 
perfect contact cannot prevent the display of a red light. For 
this reason the author wishes to emphasize the advantages of 
using with a light signal an independent marker light 4, Fig. 25. 
vhich shall be burning all the time, independently of the signal 
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indications. ‘This marker may be an illuminated number pl: 

or a lens, but it must not display any color which can be mistake; 
for a proceed or caution indication; as it is only necessary 
night, it may, if desired, be of far lower candle-power than the 
signal indications ; it must be located several feet from the power- 
ful signal lights, in order that its indication be distinct at a dis- 
tance of 800 or 1000 feet at night, and enginemen should be 
instructed that a combination of marker and signal is necessary {or 
a correct night indication. Where a single signal is used we must 
depend upon the marker light for the final element of safety when 
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Pad 
1 is a marker light attached to a light signal. 
the signal light is out at night, and no pains should be spared 
to make this marker light as reliable as possible. Assuming that 
signal lamps are used having a renewal period of three months, 
the marker lamps might be made of more rugged construction 
or burned at lower voltage, so that their average minimum life 
would be six months. Then by renewing the marker lamps at 
the same time as the signal lamps—once every three months—an 
increased factor of safety would be gained. In addition to this 
there should be two lamps behind the marker light, one of these 
lamps always being held in reserve to be used in case the first 
lamp burns out. The second lamp may be cut in through the 
back contact of a relay, as illustrated in Fig. 9, or several lamps 
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may be mounted on a revolving base of magnetic material (see 
Fig. 26), which is operated by a coiled spring not shown in the 
figure, and held from moving by an electromagnet. In Fig. 26, 
lamp I is at the focus of lens, and the revolving base is held 
there by an electromagnet which is energized by the current 
passing through contacts +, m, n, y and the filament of lamp 1; 
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when this filament burns out, the electromagnet is de-energized 
and the base is caused to revolve by the spring until lamp 2 comes 
into focus and is lighted, the current through filament of lamp 2 
again energizing the electromagnet and preventing further rota- 
tion of the base. A safety brake, not shown in the figure, is 


provided to clamp the base and prevent its revolving if the power 
is cut off the line. 

The same result may be secured without using contacts, 
springs, or magnets, by arranging suitable resistances R and r, 
according to Fig. 27, so that when both lamp filaments S and T 
are intact S gets sufficient current to illuminate the lens and T 
is kept hot but not incandescent, but when S burns out enough 
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current will be forced through T to “light” this lamp. The fila- 
ment of T is always hot; it has been claimed that a hot filament 
is less likely to be broken by vibration than is a cold filament. 

Fig. 28 shows a variation of Fig. 27, the lamps being of 
different voltages, T being the higher voltage lamp. Thus when 
both filaments are intact the lower resistance of the two lamps in 
multiple causes greater drop in potential through resistance R, 
so that S burns but T does not reach the incandescent point. It 
is scarcely necessary to add that in either Fig. 27 or Fig. 28 lamp 
S must ordinarily burn under normal voltage, so that the breaking 
of filament T will not overload S and cause it to burn out. 
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Where long and comparatively uniform life is important, 
lamps should be burned under normal voltage. Laboratory and 
service tests favor about go per cent. of rated voltage for the class 
of tungsten lamps used in signal lights; this will be easily under- 
stood by examining the curve Fig. 29 and noting the remarkable 
effect of voltage on the life of certain signal lamps. The author 
does not intend this curve or the figures preceding to be taken as 
characteristic of all lamps; they are submitted as illustrating 
the undoubted necessity for reducing lamp voltage to secure in- 
creased life. The efficiency of the lamps is certainly decreased as 
the voltage is lowered (see Fig. 14). To arrive at any intelligent 
decision, each case must be handled on its merits, balancing the 
increased watts per candle-power against the decrease in expense 
of maintenance and lamp renewals. 


(To be continued.) 


ELECTROMAGNETIC RADIATION.* 


BY 
LOUIS COHEN, 
Washington, D. C. 


Tue Hertzian theory for the distribution of the electromag- 
netic forces and the radiation from a cylindrical oscillator finds 
an extensive application to problems in radio communication. 
The formulz established by Hertz are applicable to antennz, and 
are, therefore, used considerably by radio engineers in the study 
of the transmission of radio signals. The analysis, however, em- 
ployed by Hertz in the derivation of the formule is beyond the 
mathematical equipment of the average radio engineer, and for 
some engineers it is altogether an impossible task to follow the 
various mathematical transformations required in the establish- 
ment of the final formule, and are, therefore, to that extent ac- 
cepted on faith, without knowing the limitations and assumptions 
involved in the work. 

It is the purpose of this paper to give a new method for deriv- 
ing these formule in which only elementary mathematics is em- 
ployed, and thus bring the discussion of the subject within the 
reach of the average engineer. It is also hoped that it will be of 
some interest to the experimental physicist who is interested in 
the subject of electrical oscillations. 

Let us consider the case of a straight cylindrical conductor 
through which an alternating current /sinot is passing, where 
w= 22x frequency. The magnetic field surrounding the con- 
ductor does not reach out to infinity instantaneously, on account 
of the finite velocity of propagation of the electric and magnetic 
forces, hence the magnetic force at any point distance r from 
the axis of the cylinder lags behind the current by a time internal 
81, and we therefore have 


H= = sin w (t—dt) 


if we denote by u the velocity of propagation, and by r the radial 
distance to any point, we have 


a 


a = 


* Communicated by the author. 
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Substituting the value of 5¢ from (2) into (1), we get 


| r 
a3 ee aL 


where f is the frequency and A is the wave-length, hence equa- 
tion (3) may take the following form: 
He 2I 


rT 


In the case of oscillatory currents, however, another element 
must be taken into consideration; namely, the radiation phenom- 
ena. Suppose we have the positive half of the wave of the 
current passing through the conductor setting up a positive mag- 
netic field around the conductor; when the current reaches the 
zero point, the magnetic field is not reduced to zero simultane- 
ously, since it requires a finite time for the magnetic field to 
travel back to the conductor. As a consequence, before all the 
positive magnetic lines of force collapse back on the conductor, 
a negative magnetic field is set up by the negative half of the 
wave of the current which repels the positive magnetic field and 
thus introduces the phenomena of radiation: that is, at some 
distance from the conductor the magnetic field is not stationary, 
but is continuously travelling away from the conductor into in- 
finite space. 

If we consider any spherical layer at some distance r from 
the axis of the oscillator, the magnetic flux within it is the 
difference between the number of lines of force which enter at 
the inner surface and leave at the outer surface. 

Let r denote the inner radius of the spherical layer. 

Let 5r denote the thickness of the spherical layer. 

Let B denote magnetic flux at inner surface. 

We have for the magnetic flux at outer surface of the 


spherical layer B — sas dr, and the total magnetic flux within 


the spherical layer is 


AaB 


stiri nadia or 


dr) = 
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and the intensity of the magnetic force within the spherical layer 
is, therefore, 
2B _ oH 


H’ = = 


Or or 


Substituting the value of H from (5) into (7), we get 


H'’ = af ohh ONS. el (ut — r) + 
Tr A A 


2 
r 


sin —— 


For considerable distances from the axis we may neglect 
the second term of the right-hand side of the above equation as 
being small in comparison with the first term, since it contains 
r? in the denominator, and we have 


Equation (9) gives the magnetic force for points in the plane 
perpendicular to the current element under consideration, and 
for any other points in space, as that marked P in the figure, we 
have 

ae 


2 : 
——cos —— (ut — r) sin? 
r/ A 


The above expression represents the magnetic force due to 
a single element of the conductor, and for a conductor of length 
| we have 


H=) wal = H'l, 


hence 


47I |} 
y, 


a 


H = cos (ut — 1) es cas cde news oo dyes oven Seen 

In the derivation of the above expression for the magnetic 
field it was implicitly assumed that the current was uniform along 
the entire length of the conductor. To allow for the variation 
in the current distribution on the conductor we multiply equation 
(11) by a factor a, and so we finally have 


H = “* ; cos = (ut — 1) NS Sees 8 oe be nz sg 0:90 Vane Va pa 


In case of the Hertzian radiator whose length is very small 
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compared with the wave-length, we may put a = 4, and equation 
(12) reduces to 


ant 2 - 
zr cos —- DBI icy sg warpath hae veh paths Oks ebeea (13) 


For a sine distribution of the current on the oscillator, 


CSUR iereort neuer a eee 


2 We can obtain the expression for the electric force around 
& the oscillator by applying the principle of conservation of energy. 
We have for the electromagnetic energy in an element of 

volume, 


and for the electrostatic energy in the same element of volume, 


De Te EPs wove tant tedns vein dG <Segeeusenkhase oo ees dukmw hog kms (15) 
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By equating the two equations (14) and (15) we get 


E=y 7 BO PEE eer Caen Oh SIE: GRE A Se (16) 


For free space we have »=1, and K=1 or w*, depending 
whether we express £ in electrostatic or electromagnetic units, 
E hence 
E = H in electrostatic units 

= uH in electromagnetic units 


hueaiekas oe i 


Substituting the value of H from (12), we get 

i EB = 4 y © 008 A ee (17) 
a and for a Hertzian oscillator we take a= '%4 and 

i E= ael & = cos >. DP Mii. oc Ud 50s giSoas. oa co odes eke 00,-:e(18) 
{ Equations (12) and (18) give the expressions for the mag- 
id netic and electric forces, in C.G.S. electromagnetic units, around a 
: cylindrical oscillator. It will be shown further on that these 
& expressions are identical with those given by Hertz. 

3 ENERGY RADIATION. 

4 Poynting established an important theorem concerning the 


energy transmission through an electromagnetic field, which is 


' as follows: 
If the energy of the electric strain and magnetic flux are 
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varying, then for any small element of volume in the field the 
amount of energy which enters each element of surface is 
measured by the product of the electric and magnetic forces re- 
solved along each element of surface, multiplied by the sine of 
the angle between their directions, and divided by the numerical 
factor 47. Integrated for the entire surface, 


W = = f cs... Sovesce ceed, ..(19) 


where ¢ is the angle between the direction of the electric and 
magnetic forces, and dS is an element of surface. 

For some distance from the oscillator the electric and mag- 
netic forces are at right angles to each other, and therefore 
sin@=1. Hence 


W = zs PMR ciretnigois cari ealslatedis sc. i. ccses 3 


Suppose, now, we take a sphere of radius r described around 
the oscillator, and seek to determine the energy that escapes from 
that sphere. The energy radiated during the time dt from a 
spherical zone comprised between the angles @ and 6 +86 is given 
by the expression 


8W = 2nr sin 0. rdé. oy ig te ae 


and to obtain the total energy radiated during the time dt it is 
necessary to extend the integration of the above expression for 
the entire surface of the sphere,—that is, integrate between the 
limits o and z. Hence 


W = a Bo. eee eee ‘acon ie 
0 
Substituting in (22) the values of E and H from (17) and 
(12), we get 


5 : BP... oe. ee , 
W = 87%a?]*y 7 | cos? —— (ut — r) sin’ 6d? dt. es ae 
f) 


=F 


T rT 
sint odo = — | : cos # (sin? 9 + 2) | = 4 ii aviv ny etn ee 
0 3 - 3 


hence the energy that escapes through the entire sphere in the 
time interval dt is 


P Tr 
W = a nat T*u —.- cos? = Sf ER a ee 
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The energy radiated in a complete period is 


2 2m 
W= * wat Tou aS C06 —F— (MEP) db. 5 cons ssncccsescvececs. (26) 


But 


-T oer 
J cos? _*__ (ut—r)dt= 
A 27u 


oO 


5 16 BR : 
W=- %y ria? [24 Te T ergs per period 


The energy radiated in one second is 


W= s ria? [4 a. Tf = a mea? [24 3 ergs per second 


Aa 


Expressing the current in ampéres and the energy in watts, 
we have 


eee 5. P I P 
W= “ et X 3X 10" —, ae 1579¢]? ja Watts per second (30) 


The energy radiated is directly proportional to the square of 
the length of the oscillator and the square of the current, and 
inversely as the square of the wave-length. For any particular 


value of — the energy dissipated by radiation is proportional 


to the square of the current in the oscillator, which is analogous 
to the case of energy dissipation by a resistance, and we may 


consider then the factor 1580 7 a? as an equivalent resistance, 


and it is called the radiation resistance. 
For a= % we have for the radiation resistance 


P 
R = 394.8 5, ohms 


or in round numbers, 
fi 
R = 400 -;; ohms. 


R = 640 - ohms. 
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Hertz gave the following expressions for the electric and 
magnetic forces around an oscillator, and the energy radiation: 


The electric forces, 
om? 


sin (mr — nt) sin @ cos 4, 


‘ om : ) 
xX sin (mr — nt) sin? ?. 
r 


The resultant electric force is 


om ., ‘ 
sin (mr — nt) sin? 


Fic. I. 


r 
L 


The magnetic force, 
H= Ee sin (mr — nt) sin @ 
ur 


Energy radiation in one period, 


where ¢ is the electric moment, the maximum charge on either 
end of oscillator multiplied by the length of the oscillator, 


Q is the charge expressed in electrostatic units. Expressing ¢ in 
electromagnetic units, we have 


1 See J. A. Fleming, “ Principles of Electric Wave Telegraphy and Tele- 
phony,” second edition, chapter v. 
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If we denote by / the current in the conductor, and w= 27 x 
frequency, we have 


and 


In the notation used by Hertz and given in equations (31 ) 
to (33), 


m = = and n = 2m X frequency. 


On substituting the values of '¢, m, and m as given above into 
equations (31) to (33), the equations will become identical in 
form with those given by (13), (18), and (30). 


ANTENNZ. 


Practical experience has shown that the theoretical formule 
which have been derived above for a small oscillator may be ap- 
plied with considerable accuracy in the study of the distribution 
of electromagnetic forces around antenne of the different types 
that are now generally employed in wireless stations, providing 
we consider only points which are at some distance from the 
antenna. If we take the case of a single grounded vertical wire, 
we may consider the surface of the earth as the neutral plane 
of zero potential, corresponding to the neutral plane passing 
through the centre of a Hertzian oscillator, the antenna forming 
one-half of the oscillator and its image below the surface of the 
earth the other half of the oscillator. Obviously in this case 
it is only the upper half of the oscillator that contributes to the 
electromagnetic forces and the energy radiation, hence in apply- 
ing the formule given above for this case we must use for / 
the length of the antenna and not twice its length, which is the 
length of the equivalent oscillator. Now, it can be readily shown 
that the fundamental free oscillation on a conductor, which is 
grounded at one end and open at the other end, has a wave- 
length which is four times the length of the conductor. The cur- 
rent has zero value at the open end and a maximum value at 
the grounded’ end, following a sine variation along the entire 
length. The average value of the current for the entire length 
Ls 
T 


of the conductor is times its maximum value, hence the value 
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of the factor a which enters in equation (30) is 2 . The energy 
radiated from the antenna during one period is 


W = 640 7 F- watts EE Se Sw ES Gio 9 80 so v's a vo 03 oe ORD 


and the radiation resistance is 


P 
R = 640 5 


where / is the height of the antenna. The above formule may 
be also applied to the different types of branched antennz, pro- 
viding the proper value of / is used in each case. 


RADIATION DECREMENT. 


In the case of free oscillatory currents in an electric circuit, 
the electrical energy originally stored in the circuit is gradually 
dissipated by the resistance of the circuit. The amplitudes of 
successive oscillations gradually diminish in amplitude until the 
entire energy is used up. The logarithmic ratio of the amplitudes 
of two successive oscillations is called the logarithmic decrement 
of the circuit. If we denote by /,, J, Js, etc., the amplitudes of 
the currents of successive oscillations, we have 


Is 


ee te EE fa ane stn eo ee 


where 8 is the logarithmic decrement, and is expressed by the 
following formula: 


where F is the resistance of the circuit expressed in ohms, L is 
the inductance of the circuit expressed in henry and f is the fre- 
quency of the oscillations. The value of 8 as given by (40) is the 
logarithmic decrement per complete period. In the case of a 
vertical single-wire antenna grounded at the lower end, the funda- 
mental wave-length developed by a free oscillation is four times 
the length of the antenna. We have 


A=4 
and 


P p 
Rm G40 Fe 640 See Gee wesc eee e ee eee eet eee er ens 
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For the frequency of the oscillations we have 
w _ 3X10" 


and the value of the inductance is given by the expression 


L =a2l { log. 2 - 0.73} X 10° henry, 


where r is the radius of the conductor. As an approximation 
we may neglect 0.75 in comparison with log, 2 in equation (43). 


Substituting the values of R, f, and L, from equations (41) to 
(43) in equation (40), we get 
40 


é6= -—— 
4} log. 


r 


Equation (44) -gives the logarithmic decrement for the 
fundamental oscillations of the current,—that is, the quantity 
e«* gives the ratio of the amplitudes of two successive oscillations. 
Since the energy of each oscillation is proportional to the square 
of the current, the radiation decrement is twice the value given 
by equation (44). The ratio of the energies of two successive 
oscillations is <«-** , and 28 is therefore the radiation decrement. 
We have then 


de = 2d = 


The problem of antenna radiation was discussed by Dr. M. 
Abraham,’ who treated the problem in a very original manner, 
and hé obtained an expression for the radiation decrement of the 
fundamental frequency of the oscillations corresponding to equa- 
tion (45), which is as follows: 


Equations (45) and (46) give very nearly the same value 
for the radiation decrement; they are exactly of the same form, 
differing only by a small numerical factor. 


WASHINGTON, D. C. 


*M. Abraham, Physikolishe Zeit., 1901. 


THE FLOW OF SANDS THROUGH ORIFICES.* 


BY 


ERNEST A. HERSAM, 


Associate Professor of Metallurgy, University of California, 
Member of the Institute. 


Tue flow of dry sands and like substances through orifices, 
under varied conditions and different sand-heads, has not been 
studied sufficiently for predicting results, It is desirable to 
know (1) the rate of flow of dry sands under definite conditions, 
(2) the extent of the variation in flow under varying conditions, 
(3) the influence of the physical qualities of the sands, and (4) 
the form and size of required discharge-orifices to permit of 
unfailing flow or other desired results. So far as practicable 
it is desirable to have numerical constants at one’s command to 
represent the separate influences that work upon the result. 
Such influences require separate recognition, and are made the 
objects of study described in the pages which follow. 

Appliances for Measuring the Flow.—The three forms of 
appliance which were used for determining the rate of flow in 
the tests to be described are illustrated in Figs. 1, 2, and 3. The 
appliance shown in Fig. 1 was used with discharge-orifices of 
one-half inch or less in diameter. The arrangement shown in 
Fig. 2 was used with orifices larger than one-half inch diameter, 
and, in certain tests of a special nature, with orifices smaller 
than this. The appliance shown in Fig. 3 was used in certain 
small tests of limited application. 

The appliances were checked, one against another, under 
various conditions, testing the same discharge-orifices in each. 
They were modified, moreover, in various ways to comply 
with the requirements of certain special tests which are to be 
described. Under all the regular conditions of operating, the 
depth of sand above the discharge-orifice was twelve times the 
diameter of the orifice. 

In the apparatus shown in Fig. 1, the conical receptacle 
R, which is 12% inches in diameter at the top, 314 inches at 


* Communicated by the author. 
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the bottom, and 12% inches deep, is the reservoir supplying the 
material to the discharge-orifice in the centre of the bottom, 
The orifice plates, in which the orifices are formed, are shown 
in Fig. 4, under the letters 7 to g. These, except where other- 
wise stated, are brass discs, with the orifices turned or drilled 
in the centre, forming a ring. The orifice plates fit interchange- 
ably into a recessed seat in the centre of the bottom of the 
truncated cone R. Thus the bottom of the cone R, when the 
orifice plate is in place, is flat over a diameter of 3% inches. 
The discharge is controlled by the slide S. The upper cone, F, 
is used to supply material to the lower cone, R, and to regulate 


Fic. 1. 


the level of the material in the cone R. The supply of flowing 
material enters the reservoir R through a regulated opening in 
the bottom of the cone F at the level desired. 

In the arrangement shown in Fig. 2, the bin R, three feet 
in each of the three dimensions, supplies the material at the 
discharge orifice O. The orifice plates are interchangeable in 
this appliance as in the foregoing one. Here, as in the previous 
case, the orifice plate fits into a turned seat, and is thus sup- 
ported in a horizontal position, with the aperture opening verti- 
cally downward. Material is supplied to the bin R from the 
floor above at F. The bin R, shown in the figure, is replaced 
by one of another form, deeper, and of smaller area, for certain 
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special tests on the influence of the sand-head which are to be 
described. Different ways of supplying the material to the bin 
R were examined and made use of according with the purpose. 
The pipe P was used as a means of supplying the material in the 
usual tests. When it was necessary to break the impact of 
material entering the bin R through the pipe P, a large tee 
pipe-fitting was attached to the lower end of the pipe. The 
material discharged from the standard orifice, at O, was re- 


ceived in the car D, or in other tared receptacles in accord with 
the quantity for weighing. 

The arrangement shown in Fig. 3 was used for certain small 
tests with small orifices. It was used whenever a volumetric 
measurement of the flowing material was directly sought. 
Further use was made of the arrangement in determining the 
density of sands in the dry, aggregated state, as will be 
described. 

Outline of Tests to Determine the Flow.—Provision is 
made in the appliances shown in Figs. 1 and 2, to secure a full 
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and, regular stream of the sand or other material, flowing under 
constant conditions, vertically downward, through an accurately- 
formed orifice of the selected size and shape. Provision is 
further made to arrest or divert the flow and to receive the 
material, for an accurately-timed period, in a receptacle for 
accurate weighing. - 

To determine the flow by means of the appliance shown in 


& 


Fig. 1, the slide S is first drawn, and the stream allowed to be- 
come regular, whereupon, at a definite moment, the empty 
receptacle D is inserted beneath the stream. The flowing stream 
then entering the receptacle is allowed to continue the desired 
time, as measured by a stop-watch. The stream is then arrested 
by throwing the slide S. The quantity of material thus collected 
is weighed, and from the weight is learned the volume as based 
upon the known density of the aggregated material, determined 
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under conditions to be described. The volume of material 
which has passed the orifice of known area in a given time thus 
being known, the velocity of the stream, in feet per second, is 
calculated. 

To determine the flow by the use of the arrangement shown 
in Fig. 2, the stream is started and stopped by means of the slide 
S. Here the duration of the flow is relatively long. The time 
is measured accurately with the stop-watch. In certain tests 
with small orifices, to determine the velocity of flow under a 
varied head, the stream was made continuous, but was deflected 
for definite periods at fixed intervals into a receptacle below. 

In using the appliance shown in Fig. 3, the stream was made 
continuous. The small size of the containing vessels and the 
manner in which the apparatus was used permitted of accurate 
time-measurement without the special mechanical means to divert 
or arrest the stream. The appliance was used primarily as a 
means of supplying a stream of material for the determination 
of the density, as will be described, but was used in a limited 
way for obtaining results by volume to accord with those by 
weight in the usual tests. 

In the determination of the flow directly by volume, the flask 
D, graduated, and of 325 c.c. capacity, was inserted at the de- 
signated moment beneath the flowing stream. The time was 
noted of the instant at which the stream began to enter and at 
which the flask became filled to the graduation mark at the top. 
The height of the fall of the material from the orifice into the 
flask was adjusted, as well as could be, to accord with that of 
the same material under the conditions of determination of 
density that are adopted as standard and are later to be de- 
scribed. When thus standardized, the appliance as here shown 
was found suitable to use for certain tests conducted in a series, 
with an orifice of one size, on materials of one type. 

The sand materials which were tested were prepared in all 
cases by dry sizing upon closely-graded wire screens. The esti- 
mate of the diameter of the particles was made by direct measure- 
ment under magnification. A comparison of this measurement 
with the screen measurements was made in every case, and in 
certain cases by volumetric displacement of numbers of the 
particles. The results of the average direct measurement are 
adopted as the best expression of size. 
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The Precision of Measurement and the Accuracy.—The 
separate observations of flow were repeated in each case to obtain 
four to nine independent results. These results were averaged, 
and the average deviation from the mean in each case was ob- 
served. In these tests an aggregate of ten minutes was adopted 
as a minimum duration of flow, the time beyond this being 
given according to the requirement shown by the deviation 
among single observations. The time was measured with a 
correct stop-watch, giving precision to % second. 

The limit to the accuracy of the observations is imposed by 
the construction of the discharge-orifices, and by the assurance 
of quality and the measurement of the coarseness of the sands. 
The orifices are accurate in construction to 1/1000 inch in 
dimensions. The limit to the accuracy of the construction and 
measurement of these introduces the possible error of one part 
in approximately 250 with the %4-inch orifice, to one part in 
approximately 3000 with the 3-inch orifice. Certain of the 
smaller orifices were duplicated for replacement and comparison. 
The precision as to time-measurement and weighing exceeds that 
necessary to accord with the accuracy of the orifices. With 
materials of varied coarseness, tested for a comparison of the 
influence of the size of the grains, the limit to accuracy is im- 
posed by the sizing and preparation of the material and the 
estimate of the size of the constituent grains. 

The deviation in the rate of flow was different in the observa- 
tions upon different substances, as will be described, and ranged 
from one part in thirty to the limit of precision of the observa- 
tions, in which one part in one thousand was sought wherever 
compatible with the exactness of the orifice or with the uni- 
formity and character of the material. With a long duration 
of flow the deviation among observations was shown to be less 
wide, the decrease, however, not continuing with greatly in- 
creased time. The duration of flow employed was chosen as 
ample to equalize the brief irregularities of flow, and to be con- 
sistent with the accuracy in the remaining conditions. 

The value of the acceleration of gravity at the place of 
determination approximates 9.7996 metres per second. The 
atmosphere is that of a dry interior. The daily variation 
in the humidity of the interior atmosphere is unrecorded, as 
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are also the variations in barometric pressure; the differences in 
temperature are between 12° and 22° C. 

The Discharge-orifices—The discharge-orifices chiefly in- 
tended for study were of circular cross-section. In addi- 
tion to these, a square, a triangular, and certain oblong forms 
were used for comparison. The orifices were prepared with a 
smooth finish, made as nearly uniform as possible in all. With 
the exception of the few special forms to be described, they were 
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made without taper, by cutting the aperture in the centre of 
round, turned discs of rolled brass. These discs were of 1/16 
inch thickness for orifices of % inch or less in diameter, 3/32 
inch for those between % and 2 inches, and % inch for sizes 
larger than 2 inches. Eaeh fitted into a turned seat provided 
in each of the forms of appliance, the smaller orifices being 
extended by means of turned rings to the size of the seat in the 
larger apparatus, as shown under the letter i in Fig. 4, the de- 
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sideratum in each case being to maintain a flat bottom of the 
receptacle to the sand material contained. The orifice plates, 
thus interchangeable, remain rigid in a horizontal position such 
as to direct the stream vertically downward. 

Several orifices, other than of the round forms described, 
are shown in Fig. 4. Under the letters v to y are round, tapered 
orifices. Those lettered from r to u are of %-inch diameter, 
circular in cross-section, and of varied length. The triangular 
orifice, two rectangular forms, and a round orifice not shown 
were made of a uniform cross-sectional area of one-quarter of 
one square-inch. 
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1. River sand, 7, inch orifice. 6. River sand, ,4 inch orifice. 
2. River sand, ¥ inch orifice. 7. Lead shot, 2? inch orifice. 
5 3. River sand, § inch orifice. 8. River sand, ¥ inch orifice. 
4. River sand, 4, inch orifice. 9. River sand, ¥% inch orifice. 
5. River sand, } inch orifice. 10. River sand, 4 inch orifice. 


: Tests with Sand of Varied Coarseness——Diagram I shows 
% the velocity of flow, in feet per second, of river sand, in passing 
round discharge-orifices, after being sized as closely as possible 
by dry screening. In comparison is shown the velocity of lead 
shot, after being carefully prepared and measured as described 
under Table I. 

The river sand here used consists of naturally worn and 
rounded grains, rendered free from dust or clotted clay particles 
: by washing and mechanical treatment, and freed from moisture 
if by long exposure to a dry atmosphere. The sized products of 
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the sand were obtained by a systematic and thorough dry- 
sizing treatment, upon measured, closely-graded, brass-wire 
screens, and the average diameter of the grains is arrived at in 
an average of the measurements of many of the particles. The 
orifices were of turned brass, without taper, as shown under the 
letters i to g in Fig. 4, and were so placed as to direct the stream 
vertically downward in the apparatus shown in Fig. 1. 

The results in velocity of flow were derived from the weight 
of sand discharged during periods of ten minutes, or shorter 
periods aggregating ten minutes or more, and were calculated 
from this weight and from the known specific gravity of the 
material in the dry, aggregated state. The limit to the accuracy 
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of the tests is reached in the variability in the quality of the 
materials. The precision of the observations as to time, weigh- 
ing, and measurements exceeds one part in three hundred. 

The Effect of the Mixture of Sizes——Diagram II shows the 
effect upon the velocity of flow of a disparity in the size of the 
grains of sand. Sized products, coarse and fine, of river sand in 
one series of tests, and of crushed slate in another, are mixed 
in different proportions to observe the effects of the mixture 
of sizes upon the velocity of flow. 

Diagram II represents in ordinates the velocity of flow 
through a ™%4-inch round orifice, in feet per second, and in 
abcissee the per cent. of coarse and of fine grains in the mixture. 
The straight line between the two extremes shows the velocity 
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as it would be if proportionate to the amount of each sized 
product composing the mixture. The two curves represent the 
two types of material,—river sand in the one case, and crushed 
slate in the other. 

The river sand here used was identical in quality with that 
described in connection with Diagram I. Of the sand, two 
closely-sized products obtained with graded screens were used. 
which differed only in regard to coarseness. The average 
diameter of the particles, as determined by measurement, was 
.0503 inch in the case of the coarse and .0149 of the fine sand. 
The two products, coarse and fine, were then combined in varied 
proportions by weight, as represented in the diagram. The com- 
bined products, in each case, were then mixed thoroughly to 
give the uniformity sought. 

The crushed slate, similarly, was present in two degrees of 
coarseness. The grains are angular, and the average diameter 
of the grains, as determined by many measurements, is .0468 
in the case of the coarse product, and .0166 in the case of the 
fine. The coarser of the two materials, when unmixed with 
the fine, is at the limit of size permitting of assured, continuous 
flow through the %-inch orifice which was used. As in the 
case of the river sand, the coarse and fine sands in different 
proportions were thoroughly mixed before undertaking the 
determination of the velocity. 

The results in these cases were averaged from nine or more 
observations by volume, taken by the use of the apparatus shown 
in Fig. 3. The results were checked in some of the cases by 
observations based upon weight, in which the specific gravity 
of the mixture was determined by the method adopted as 
standard throughout the work, and to be explained. The devia- 
tions of the single observations from the mean, in the present 
instance, were for the most part less than one part in one hundred 
in the case of the river sand, and with the finer product of the 
slate, but increased in the case of the coarse slate to one part 
in thirty, with more than 50 per cent. coarse material present, 
beyond which the curve is not extended. 

The Influence of the Size and Surface of Spherical Pellets — 
Table I shows the results of tests with lead shot, flowing from 
a %-inch round orifice. The shot is chosen as a material com- 
posed of particles relatively uniform in shape. 
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The velocity shown in Table I is calculated from the mean 
observed weight of shot flowing during periods of two minutes, 
the calculation being based upon the density of the material 
under constant conditions, as will be described later. The 
density of the shot, which varies in the aggregated mass with 
the condition of the surface of the pellets and depends upon the 
manner in which the material is prepared for the observations, 
is given in the fifth column in Table I, and ranges from 6.64 to 
6.80. The diameter of the approximately spherical pellets of 
shot, as shown in Table I, was derived by weighing together 100 
of the pellets and calculating from the average weight of these, 
and upon the’basis of the determined specific gravity of the 
lead, assuming the pellets to be spherical. The average varia- 
tion in the diameter from the mean was obtained by the separate 
weighing of ten of the pellets of each kind. 


TABLE I. 
Table Showing the Velocity of Flow of Lead Shot, of Varied Sizes, through %-inch 
4 Round Orifice. 


eter of the pellets of shot. 


The den- 
sity of the 
Average shot in 
num | Minimum | deviation mass. 
erved. | observed. from the 
mean. 


After 
a washing 
In the at and dry- 
condition ing and 
purchased. + coating 
5 with 
graphite. 


0952 0964 .0930 .0009 : .264 , .265 
0650 O3s61 .0843 .0008 , .280 .266 .284 
06488 0664 .0629 .OO10 .648 . 3604 341 363 
05057 0532 .0448 .OOT4 ; 413 405 433 
13710 0401 .0259 .0022 -645 . 504 480 .498 


The portions of shot of different size were all mechanically 
treated in order to produce a uniform condition of the surface. 
After the first observations of the velocity of the material in the 
original condition, the portions were treated alike by agitation 
with distilled water and soap as a detergent, then rinsed with 
water, followed with alcohol, and finally dried at 100° C. After 
testing in this condition to observe the velocity of flow, each 
portion was treated with graphite to thoroughly coat the pellets. 
The results upon the material as thus treated are shown in 
Table I. 
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The apparatus used was of the form shown in Fig. 3, except 
that a larger and open receptacle was used below the orifice for 
collecting and weighing. The operation was conducted other- 
wise, as is described in explanation of Table I. Here, however, 
with relatively little material, no mechanical attachment was re- 
quired to arrest or start the stream, it being satisfactory to 
collect the flowing material in the required time by inserting and 
removing the receptacle beneath. The results as averaged are 
accurate to one part in four hundred. These are illustrated also 
in comparison with those obtained with sand in Diagram I. 

_ The state of the surface of the shot was known to be an 
important influencing condition, determining in a large measure 
the coefficient of friction and the cohesion of the separate parti- 
cles and thus exerting an important influence upon the density 
of the material and upon the quantity discharged. To observe 
the effects of extremes, and to judge as to requirements of pre- 
pared surfaces, tests were made, with results shown in Table II. 


‘ 


TABLE II. 


Table Showing the Effect of the State of the Surface of Pellets of Lead Shot upon the 
Velocity of Flow. 


The quality of the surface of the shot pellets. | Average velocityTin 
In the original condition 
Slightly damp 
Moist 
Washed and dry 
Coated with rosin 
Freshly coated with graphite which is present in excess ‘ 
Freshly coated with graphite with excess graphite removed... . | .364 


Table II shows the effect of the varied surface conditions 
upon the velocity of flow of lead shot through the 34-inch round 
orifice. The shot pellets were .06488 inch in diameter, and 
varied from the mean approximately one part in sixty. The 
velocity, as before, was determined by weighing the material 
collected in a given time, calculating the velocity from the area 
of the orifice and the density of the material in the state pre- 
pared for the special observations as will be described. The 
results are accurate to one part in two hundred. 

The Size of the Orifice Related to the Velocity of Flow.— 
Tests were conducted to show the influence of the size of round 
orifices upon the velocity of flow. Diagram III shows the 
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velocity of flow of closely-sized, crushed slate, of fine-crushed 
shale, and of lead shot in passing round orifices of varied sizes. 

The crushed slate represented in Diagram III was dry from 
long contact with the air after close sizing with wire screens. 
The particles were irregular and angular in shape, and were 
.0468 inch in the average diameter of the average grains. The 
velocities plotted are averaged from four to nine observations, 
according in number with the variation in flow and the deviation 
of the single observation. The averaged results may be con- 
sidered accurate to one part in three hundred, while the precision 
as to time and weight considerably exceeds this. The sand- 
head, as in all the regular tests, was twelve times the diameter 
of the orifice employed. 

D1aGraM III. 
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DIAMETER OF DISCHARGE ORIFICE IN INCHES 

The crushed shale represented in the above diagram was 
crushed and screened to exclude particles incapable of passing 
a screen of .o14 inch (40-mesh) opening. The purpose was to 
work with fine-crushed material with a wider range of orifices. 
The material was composed of irregular grains, and included the 
undersize. The size and quality of the material were judged by 
screen tests performed upon different samples, and the portions 
employed for tests were so mixed as to represent material of a 
uniform quality and kind. The apparatus used in the tests upon 
the two sand materials is shown in Fig. 2, and was employed 
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in the manner previously described. The round orifices are 
shown in Fig. 4 under the letters a to d and i to o. 

The lead shot represented in Diagram III is of the quality 
previously described under Table 1. The velocity is derived 
from the averaged weight flowing during periods of two 
minutes. The averaged diameter of the pellets is .0649 inch 
The surface of the pellets is in the state prepared in manufacture 
for the trade. The results are accurate to one part in 250. 

Tests of Materials of Varied Density.—The velocity of flow 
of several substances of varied specific gravity was determined 
for the purpose of comparison. The results obtained with lead 
shot, as a material of high density, and mustard seed, of nearly 
similar ‘spherical shape and of low density, were found best to 
illustrate the effects. With these materials many of the inter- 
fering conditions could .be eliminated which with other sub- 
stances obscured the effects of density alone. Table III shows 
the velocity of flow of lead shot in comparison with that of 
mustard seed of a corresponding size. 


TABLE ITI. 


Showing a Comparison of the Velocity of Flow of Lead Shot and of Mustard Seed 
of the Same Size, Passing a Round Discharge Orifice of 3% inch Diameter. 


Approximate 
mean varia- 
tion in Condition of the surface. 
| diameter of | 
| the pellets. 


Diameter 


Subs . 4 
nance of pellets. 


Lead shot , : | As prepared in manufacture 

Lead shot...... : After agitation with the 
mustard seed and graph- 
ite, and separating. 

Mustard seed. . : The condition in which the 
material existed before 
the surface alteration. 

Mustard seed. . : After agitation with the shot 
and graphite and separat- 
ing. 


To obtain the results of Table III, the grains of seed and 
the pellets of lead shot were selected of a size as nearly as possible 
identical. To prepare the seed, an adequate quantity was 
winnowed to remove dust,-and sized as rigidly as possible to 
correspond with the nearest size of shot available. The seeds 


1 


were further examined and selected by permitting them to ro! 
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slowly down an inclined surface to expose repeatedly to the 
attention all that were of imperfect form. The diameter of the 
shot was determined by calculation based upon the combined 
weight of one hundred of the pellets of determined density, as 
previously described. The diameter of the mustard seed could 
not well be determined in a similar manner, by weight, on 
account of the variability in density of the different seeds. The 
size was measured as accurately as possible by means of a micro- 
meter gauge, and also by checking by placing the round seeds, 
side by side, in a V-shaped groove and measuring the combined 
diameter of samples of fifty or more. The specific gravity of 
the lead shot, in the aggregated mass, inclusive of the interstitial 
air-space, was 6.722, while that of the mustard seed was 0.7276 
in the corresponding condition. The diameter was 0.085 inch, 
that of the shot being more nearly uniform in the mass, and in 
the spherules themselves, and thus capable of closer approxima- 
tion. 
TABLE IV. 

Table Showing the Velocity of Flow of Samples of River Sand and of Beach Sand 


through Round Discharge-orifices of Identical Size and Form Composed 
of Different Materials. 


| Average velocity | Average velocity 
of beach sand, of river sand, 
composed of composed of 
grains averaging grains averaging 
| .026 inch .023 inch 
diameter. diameter. 


Material of the %-inch orifice 


Hard rubber ' .394 
Brass. jek es , , 22 


Babbitt’s metal 5 in ak k e ad ahs 45. 431 


The head, as in other tests with the 34-inch orifice, was 4% 
inches. The orifice was round, of brass, and identical with that 
of this size previously used and shown under the letter & in 
‘ig. 4. The time of flow for each observation approximated 
one minute, depending upon the velocity, and was measured to 

second precision. The results are averaged from some nine 
bservations in each case, and as thus averaged and tabulated 
are accurate to one part in one hundred. 

The Material of Discharge-orifices——Round  discharge- 
orifices of 14 inch diameter were made of hard rubber, and of 
Babbitt’s metal for comparison with those of brass. Table IV 
shows the velocity of flow observed with samples of beach sand 
and of river sand in passing these orifices. 
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The round orifices by which the above results were obtained 
were of % inch diameter, cut without taper through material 
of 1/16 inch thickness, and were of the form shown under the 
letter m, Fig. 4. They are of the same degree of accuracy as 
the brass orifices previously described, and are prepared as 
nearly as possible of a uniform surface finish among the different 
materials from which they are made. The sands used in the 
tests with these orifices were the closely-sized beach sand and 
river sand used in previous tests. The beach sand is composed 
of rounded grains of .026 inch in average diameter. The river 
sand is composed of grains of .023 inch average diameter. 
The results in velocity as here averaged and tabulated are 
accurate to one part in two hundred. 


TABLE V. 


Table Showing the Velocity of Flow of Beach Sand, Composed of Grains of .026 Inch 
Average Diameter, with Round Discharge-orifices of 14-inch Diameter, of 
Varied Length and Contraction. 


Tater ad the | Lenethofthe | hadimcharse | the dlacharee 
orifice, refer- orifice at the orifice at the 
ring to Fig. 4. | top, in inches. bottom, in inches. 


Average 
velocity in feet 
per second. 


orifice-tube, in 
inches. 
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The Effects of Tapered and of Elongated Orifices.—Table 
V shows the velocity of flow of beach sand in passing % inch 
round orifices of different forms as indicated. The average 
velocity is expressed in feet per second. 

The round discharge-orifices here used were of turned brass, 
and were of accuracy corresponding to that of the orifices previ- 
ously described. The tests are similar to the preceding ones in 
method. The material is a portion of the sized beach sand 
previously described, composed of particles of .026 inch in 
average diameter. The results as here averaged may be re- 
garded accurate to one part in two hundred. 
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The Influence of the Cross-sectional Shape of Orifices.— 
The effect of certain differences in the cross-sectional shape of 
orifices is shown in Table VI, for one kind of material and one 
size of orifice. 

TABLE VI. 
Table Showing the Influence of the Cross-sectional Shape of the Discharge-orifices 
upon the Velocity of Flow. (The Area of Each of the Five Orifices is 
Equal to One-Quarter of One Square Inch.) 


Velocity in feet 


Shape of orifice. 
Pp per second. 


Round...... .482 
-454 

-436 

Equilateral triangular .376 
Rectangular (34 by 1 inch) 311 


Table VI shows the velocity of flow of a uniform, closely- 
sized, crushed slate, issuing from orifices of uniform cross-sec- 
tional area but of varied cross-sectional shape. The orifices were 
cut through %-inch brass plate, and were made to conform in 
accuracy with those previously described. The apparatus is shown 
in Fig. 1. The crushed slate, which is composed of grains of 
0468 inch in average diameter, has been described previously. 
The results as averaged may be regarded accurate to one part 
in two hundred. 

The Sand-head.—The practical influence of a varied sand- 
head upon the velocity of flow was tested with a variety of 
materials, under a variety of conditions, the details of which 
scarcely justify description in this place. The sand-head ex- 
amined ranged between a height equalling twice the diameter 
of the discharge-orifice to one of seven feet. The orifices used 
were round, of % to 2 inches in diameter. The effects observed 
under the varied head were in all cases relatively slight, being 
less than one part in fifty from the mean under any of the condi- 
tions of varying head with thoroughly dried material. The 
apparatus used for the tests, apart from certain modifications 
of the feeding bin above to obtain the column and the supply 
required, is shown in Fig. 2. 

The effects in most cases were not influenced uniformly by 
the head. For the most part a retardation of the flow resulted 
from an increase of the head—an effect which appeared attribut- 
able to the compacting of the sands under the increased pressure 
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of a high column, and the segregation known to occur at the 
surface, particularly effective under the necessary conditions 
incident to a low column. A series of results upon fine, sized 
sands passing the '%-inch orifice was obtained in which the 
difference in head, between one-half inch and seven feet, was not 
distinguishable from the usual deviations observed under con- 
stant head. 

The Effect of the Surface Contour—aA series of tests on a 
small scale was conducted to examine the effect of the contour 
at the surface and the influence of the shape of the supply re- 
ceptacle. Fig. 5 illustrates the results. 


s 


“A339 


Fig. 5 represents vertical sections of the receptacles of sheet 
metal supplying the flowing sand to the brass orifice at the 
bottom. The round, brass discharge-orifice is of %4 inch 
diameter, and of the form shown under the letter m, Fig. 4. 
The material tested is the closely-sized beach sand composed of 
particles .026 inch in average diameter, similar in kind to that 
previously used. Of the supply receptacles, two are seen to be 
truncated cones. The smaller cone is of 7% inch diameter at the 
bottom, the larger cone 24% inches. Two of the receptacles are 
cylindrical, one being two inches in inside diameter, the other, 
one inch. * The sand-head is indicated by the shaded portion of 
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the section, and ranges from one inch to four, in differences 
f one inch in the different cases. The material is supplied to 
the different supply receptacles from a funnel above, the position 
f which is indicated in each figure by showing the lower ex- 
tremity of the stem at the surface of the material. The velocity 
f flow through the %4-inch brass orifice, in feet per second, is 
shown in numerals beneath each figure representing the condi- 
tions. The results averaged and shown are accurate to one part 
in four hundred. 
TABLE VII. 


Table Showing the Specific Gravity of Typical Sands, and Other Substances. 


Dimensions 
inches of 

he rectangu- 

lar screen- 


Dimensions 
in inches of 
the rectangu- 


Specific 
orevnty, of the Ratio of the 
ry, loose specific grav- 
openings lar screen- material, aoe of ity of the 
through y: neeen y under the Tae ociia aggregated 
which the whieh Tin conditions of en mass to that 
material was eS compacting of the solid. 
“ material pen 
incapable of sere described. 
passing. dae ate 


Specific 
Material. 


River sand O14 .021 
River sand 007 .008 
Beach sand O14 .021 
Crushed slate 033 .042 
Crushed shale .000 .O14 
Lead shot 063 .067 
Pumice stone 033 -O42 


508 : 
491 : 
538 : 
§02 : 
481 : 
604 : 
579 : 


2 
2 
- 
9. 
~ 
a. 
2 
I 


— 
= 
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The Density of the Materials.—In all the foregoing observa- 
tions it has been considered desirable to express the capacity of 
the discharge-orifices in terms of velocity. The velocity indicated 
ipplies thus to the volume of dry sand or like substance in aggre- 
gated mass of known density passing the orifices in a given time. 
The velocity, so stated, is computed for the cross-sectional area 
of the orifice which is definitely known in each case. Results 
so expressed can be converted into terms of quantity or weight 
by making use of the known density of the material. The 
qu antity of material flowing in all ordinary tests was determined 
by weight, and from this weight. was calculated the volume, as 
based upon the determined specific gravity of the material in the 
state of aggregation adopted as standarde Accordingly a study 
was made of the interstitial space of the materials for the adop- 
tion of a state of density to be regarded standard in the various 


tests 
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To obtain the material in a uniform condition of compact- 
ness, suitable for a constant determination of the density, the 
particles were allowed to collect in a given receptacle in a uni- 
form manner, becoming compacted only by their fall through 
a known distance. In this prepared state of aggregation, the 
density of all materials was determined as a basis for the estima- 
tion of the velocity of flow. The average density of certain oj 
the typical materials is shown in Table VII. 

The Method of Determining Density.—The material was 
collected for the determination of density by being permitted 
to flow, vertically, by gravity, through a discharge-orifice capable 
of yielding a continuous stream, and the stream received below 
the orifice, in a stationary cylindrical receptacle, in which the 
weight and volume were subsequently determined in the state 
of compactness thus acquired by the particles in lodgement. 
The orifices used in each case were selected from a given series 
of orifices graded in differences of % inch diameter. These 
were required to be commonly eight or more times the diameter 
of the particles. The cylindrical receiving receptacles were pre- 
pared of a size to accord with the series of orifices, and were 
tared, standardized, and thus in accord with the coarseness of the 
given material. The cylinders were made of sheet metal, and 
were in depth twelve times the diameter of the chosen orifice, 
and in diameter ten times. They were supported in an upright 
position upon the closed end, distant below the orifice sixteen 
diameters of the orifice, the entire top of the cylinder being 
open. The material thus collected in the receptacle was after- 
ward levelled by scraping off the excess above the rim at the 
top with a bevelled straight edge before disturbing the content 
in a way to alter the density. The receptacle, with its content. 
was then weighed, and the density of the material calculated 
from the known capacity of the receptacle. The observations 
were concordant in most cases to one part in two hundred. 
The determinations were repeated to obtain an average result 
consistent in exactness with the tests to be performed upon the 
materials. 

Moisture.—Tests were conducted to show the influence of 
moisture in quartz river sand, shale, and other materials in 
different states of desiccation. The results show an increasing 
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velocity with an increasing degree of desiccation. The state of 
extreme desiccation is found to be insufficiently permanent to 
yield concordant results in open tests. In the recorded tests 
the materials are dry from long contact with dry air at the 
ordinary interior temperature of 17 to 20° C. A degree of 
uniform drying is thus brought about at which the hygroscopic 
quality of the surface of the particles and the desiccating effect 
of the dry atmosphere at the ordinary temperature are in such 
equilibrium as to occasion no appreciable change in the state 
of the material by exposure to the atmosphere during the tests. 

The Rate of Discharge——The weight of material passing an 
orifice in a given time may be calculated for round orifices from 
the results in velocity as shown in the diagrams and tables. For 
orifices of shape other than the round a somewhat different 
velocity would be found, as it suggested for one-size and kind 
of material in the results of Table VI. 

To calculate the weight from a known velocity, let WV’ repre- 
sent the weight in pounds of a given material having the specific 
gravity s, in the dry loose state of aggregation, that will flow 
in ¢ seconds, through an orifice a’ square feet in area, with a 
velocity of v feet per second, where k is the weight in pounds 
of one cubic foot of water. The weight in avoirdupois pounds, 
accordingly, is as follows: 


Taking 62.42 pounds as the weight of one cubic foot of 
water at 0° C., the weight W’ of material of specific gravity s, 
having a velocity of v feet per second, that will be discharged 
in one second through any orifice of area a’ square feet is as 
follows: 


Pe aE ABS il edcal eAe Man aae eee as hte < veke bile eweeee (2) 


Adopting the more convenient units, in which W is made the 
weight in pounds of material that the orifice will discharge each 
minute, v remains the velocity of flow in feet per second, but in 
which a is the area of the orifice in square inches, the following 
equation is obtained: 


I is 2 Si. HL oh. a eds cn wehbe eds (3) 
Vor. CLXXVII, No. 1060—32 
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For round orifices of diameter d inches, the corresponding 
equation, showing the weight in pounds per minute, is as 
follows : 

W = 20.43 vsd? 


Conclusions.—The following deductions may be based upon 
the results of the foregoing tests: , 

The uniformity of flow of sands through discharge-orifices 
is influenced by the dampness, fineness, and general quality of 
the material. The momentary irregularity of flow is perceptible 
to the eye in the case of orifices that are small relative to the 
coarseness of the material. With long periods of observation, 
in the case either of large or of small orifices, a smaller but 
persistent variability is found to exist which is not materially 
diminished by ‘greatly prolonging the time. The deviations from 
a uniform flow draw the attention to the manner of supplying 
the material to the orifice, the compacting, the head, the shape 
and size,of the supplying receptacle, and the time during which 
the material is permitted to remain at rest before the flow begins. 
Uniformity is greatest in the case of substances least compact- 
ing under pressure, and under conditions of flow that loosen 
the material above and near the orifice. It is favored by 
thorough dryness, rounded particles, and a low sand-head. 
Observations deviate less than one part in six hundred in the 
case of river sand of .o1 inch diameter, under a sand-head of 
three inches, flowing five minutes through round orifices of 
4 inch diameter; while under the same conditions, but with 
angular or damp material, deviations exceed one part in fifty. 

The velocity of flow under the existing conditions of gravity 
is governed chiefly by the size of the orifice and the size of the 
grains. Other important influences are the shape and surface 
condition of the grains and the shape of the orifice. Other con- 
ditions to be mentioned in the present summary exert a less 
marked influence. 

The size of the grains influences the velocity of flow, causing. 
with the increase in size, a decrease in the velocity. This is 
shown in the case of river sand in Diagram I. There is here 
observed a maximum velocity at which the ratio of the diameter 
of the grains to that of the orifice ranges from I : 15 to I : 30 
approximately. With finer material the velocity quickly drops 
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from this maximum, while with coarser the drop is seen to be 
gradual and, on the whole, more regular. The size of the grains 
is closely related to the shape and surface condition, one quality 
merging into another and requiring common consideration in 
the case of substances which require handling in practice. 

The moisture content produces a retardation of the flow. 
The influence with increasing fineness and decreasing density 
becomes greater. The moisture in material which is positively 
dampened can alter the rate of flow many-fold, producing re- 
sults out of all semblance to uniformity. As the material be- 
comes progressively drier, the velocity of flow becomes greater 
and more uniform. 

Angularity of the particles causes a diminution of velocity. 
The effect is less marked with fine material and with large 
orifices. 

The uniformity of sise of the grains is of influence upon the 
velocity. The velocity of a mixture of materials, with respect 
to the weight, approximates and slightly exceeds the mean of the 
velocities of the two sizes flowing separately. Thus the time 
occupied in the discharge of a given weight of material of 
mixed sizes is slightly less than that which would be required 
for the discharge of each sized constituent separately. This is 
shown in Diagram II. 

The material of which the orifice is constructed is shown to 
modify the velocity to a small extent. Results with '%4-inch 
orifices are given in Table IV. 

The specific gravity of the flowing material is without rela- 
tively appreciable influence upon the velocity of flow under 
practical conditions. This is shown in Table ITI. 

The sand-head exerts a barely appreciable influence upon the 
velocity of flow. The influence is in the direction of a decreasing 
velocity with increasing head. With materials capable of be- 
coming compressed or compacted, the retarding effect of the 
head becomes more pronounced. A consideration, of the sand- 
head must thus include not only the height of the column and the 
specific gravity of the material, but the impact in gathering 
above the orifice, the dampness, coherence, and the angularity. 

The contour at the surface of the material above the orifice 
exerts a minute influence upon the velocity. Thus when the 
surface is allowed to sink directly above the orifice, so as to 
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form a pit, there is a slight increase in flow perceptible beyond 
that observed when the surface is level at the height correspond- 
ing to the bottom of the pit. 

The shape of the receptacle supplying an orifice has but 
slight influence upon the velocity of flow where the bottom is 
flat around the orifice and the vertical column of material above 
the orifice remains unobstructed. 

The effect of taper in orifices is an increase in flow where the 
enlarged opening of the orifice is presented to the descending 
material. 

The length of discharge-orifices, or the thickness of the plate 
through which orifices are cut, is of scarcely appreciable effect 
as examined within the range of one inch. 

The size of an orifice at the minimum required for an assured 
continuous flow must liberally exceed that found suitable for 
short intervals, to provide for the variability in quality of usual 
sands and the chance arrangement of particles in obstruction. 
The diameter of round orifices suitable for the steady flow of 
the sand materials tested ranges from five to twenty times the 
diameter of the particles, according with the size and quality 
of the material. 

The horizontal, cross-sectional shape of the vertically dis- 
charging orifice influences the velocity of flow. The velocity 
is highest among the discharge-orifices tested having the greater 
ratio of area to periphery. 

The area or size of the orifice affects the velocity. Thus the 
discharge is governed both by the area over which the given 
velocity is effective and by the velocity resulting from this area. 
It is seen in Diagram III that the velocity decreases with the de- 
creasing diameter of the orifice, the curve showing a rapid 
decline near the limiting size of the orifice where the flow be- 
comes irregular. 

The differences in the surface condition of the grains, with 
the influence which this has upon the cohesion and the frictional 
coefficient, produce an important effect upon the velocity of flow. 
The content in moisture, the composition of the material, the 
hygroscopic properties, the angularity, and the uniformity of 
size are best judged, for purposes in practice, by the evident 
general quality of the material as a whole. In the case of lead 
shot, a material in which the influence of angularity of the 
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grains is eliminated, a variation of 20 per cent. or more in the 

velocity results from the alteration of the surface with sub- 

stances imparting a high and a low coefficient of friction. 

An approximate constant to express the flow in terms of the 
orifice area, or the coarseness of material, can be used to gain 
a general idea of the discharge capacity of an orifice for a given 
material. Under the conditions of apportionment of sand ma- 
terials by orifices in practice, prediction must be considered 
widely approximate, Results, moreover, are liable to marked 
deviation from changing quality of the material. In such 
application, differences in the specific gravity and the sand-head 
are of relatively small importance. The flow is seen to be 
actuated by the force acting upon the material distant but few 
diameters of the orifice from the orifice, and is thus affected only 
by the condition there existing. There is little serviceable 
analogy between the flow of fluid substances and of sand com- 
posed of solid grains, 

An expression giving an idea of the'flow to be expected 
would be sought for certain purposes from the trend of the 
curves. For such approximation, in which an accuracy of 
some 20 to 50 per cent, is obtained, based upon the size of the 
round orifice and the coarseness of the material, the following 
formula may be suggested: 


V=k d — cm 


= Na 


Here d is the diameter of the orifice in inches, m is the 
diameter of the particles in inches, V is the velocity of flow in 
feet per second, and k and c are constants to which are assigned 
respectively, in approximation, the numerical values 1 and 2. 

The weight of sand discharged during each minute is corre- 
spondingly shown in the same degree of approximation by sub- 
stituting the above value of V for the value v in equation (4), for 
round orifices, as given under The Rate of Discharge. From 
this the following equation is derived: 


W = 20.43 s\e (d — 2m). 


Here IV is the weight of sand discharged in avoirdupois 
pounds per minute, s is the specific gravity of the sand in the 
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dry, loosely aggregated state, d is the diameter of the round 
orifice in inches, and m the diameter of the grains in inches. 

An outline of the conclusions to be drawn from the tests 
described would be: (1) The increase in the velocity of flow 
with the increase in the diameter of the orifice; (2) the increase 
in the velocity of flow with the decrease in the diameter of 
the particles until the size of relatively fine material is reached; 
(3) the comparative unimportance of the variation in specific 
gravity of materials; (4) the relatively small influence of the 
variations in head; (5) the relatively small influence of the 
shape of the supplying reservoir; and (6) the influence of 
dampness and compacting qualities of the material, most marked 
in the fine sizes. 


Cementation with Mixed Carburizing Agents. A. Porrevin. 
(Mem. Soc. Ing. Civils de France, \xvi, 347.) —This describes experi- 
ments on a practical scale of cementation with mixed agents,—.e., 
with a layer of wood charcoal of considerable thickness through 
which a current of carbon dioxide is passed at the temperature of 
cementation. The advantages of this method of cementation are 
described in detail. 


Methyl Alcohol as a By-product in the Manufacture of Wood 
Cellulose. H. Bercstrém. (Papierfabrikant, x, 697.)—Since 1908 
the Billingsfors mill has been recovering methyl alcohol as a by- 
product from the digestion of wood by the sulphate process. In the 
manufacture of easy bleaching pulp, about 13 kilos. of methyl alcohol 
are produced per 1000 kilos. of cellulose. About 5 kilos. of this per 
1000 are collected by condensing the vapors discharged at between 
10 and 4 atmospheres from the digesters# This spirit is purer than 
ordinary wood spirit and contains 0.5 per cent. of acetone. The cost 
of recovering methyl alcohol amounts to 10 oere per kilo., or 12 cents 
per pound of absolute alcohol, and its value is 45 oere, or 54 cents per 
pound. More crude spirit may be obtained by condensing the vapors 
discharged below 4 atmospheres and those formed during evaporation 
of the lyes, and the refining of the raw spirit is profitable. This year 
five sulphate pulp factories are recovering methyl alcohol. Pine wood 
and spruce wood yield about the same quantity of spirit. In the 
digestion of wood by the Ritter-Kellner sulphite process, from 
8 to 10 kilos. of methyl alcohol are formed per ton of easy bleaching 
cellulose, about 3 kilos. being condensed in the “ gassing-off ” process. 
If the waste lyes remaining in the digester be then distilled in a con- 
tinuous column apparatus, a distillate is obtained containing methy! 
alcohol, acetaldehyde, acetone, oils, sulphurous acid partly combined, 
and small quantities of formic and acetic acids. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


ABSORPTION CONSTANTS OF QUARTZ. 
Paper by W. W. Coblentz. 


Aw accurate knowledge of the transmission of quartz, in the 
infra-red, is essential in order to determine spectral energy 
curves. Quartz has a much larger dispersion than fluorite. Un- 
fortunately, unlike fluorite, the absorption in quartz becomes 
quite marked at 2» and is practically complete beyond 34. How- 
ever, for the spectral region from the deep ultraviolet to 1.7» in 
the infra-red, quartz has the remarkable property of complete 
transparency for the thicknesses (3 cm.) which are ordinarily 
used in optical investigations. This is illustrated in the present 
research, where it is shown that after eliminating the losses for 
reflection at the interface, quartz-air, the transmission is prac- 
tically complete. 

In this investigation an especially prepared cylinder of clear 
quartz, 50 mm. in diameter and 29.925 mm. in thickness, cut per- 
pendicular to the optic axis was used. The faces were plane to 
a fraction of a wave-length of light, and they were parallel to 
within 1’. The source of energy was a seasoned Nernst glower, 
operated on a storage battery. The rays from the glower were 
made parallel by means of a 50 cm. focal length silvered mirror, 
and from thence passed to a second mirror, go cm. focal length. 
which brought the rays to focus upon the spectrometer slit. A 
blackened diaphragm having an opening of about 3 by 3.5 cm. was 
placed in the path of parallel rays. The quartz cylinder was 
mounted upon a suitable stage, sliding back and forth, close to and 
in the rear (7.e., between the diaphragm and the second mirror) 
of the diaphragm. The ratio of the galvanometer deflection ob- 
served when the quartz plate was over the opening in the dia- 
phragm, to the deflection caused by the rays passing through the 
diaphragm without obstruction by the quartz, gave the transmis- 
sion, which, of course, includes the losses by reflection from the 
two surfaces. Atmospheric disturbances were unusually small, 
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so that the galvanometer could be read to 0.1 mm., thus producing 
an accuracy of several parts in one thousand instead of a few 
parts in one hundred, which is the usual record of radiometric 


work, 

The true transmission of quartz is obtained by applying the 
well-known Fresnel formula for vitreous reflection. The radia- 
tions contributed by two reflections (1+?) within the quartz 
plate are negligible in most work. If there were no errors of ob- 
servation and no scattering of light, the values should be T, = 1. 
This is true to about two parts in 1000 for the region of trans- 
parency from 0.82 to 1.84. The second column of Table I gives 


TABLE I. 


TRANSMISSION OF QUARTZ. 


T’ T’ Absorption index. 
Q v K—Mean value of | 
t=29.925 mm. t=27.915 mm. two samples. | 


.000,000,007 ,803 | 
000,000,009,153 | 
000,000,001 ,808 | 
.000,000,009,567 | 
000,000,011,06 | 
.000,000,021,57 >= | 
.000,000,036,13 | 
000,000,066,96 
000,000,108,98 
000,000,238 ,99 
000,000,322 ,64 
000,000,405,34 
.000,000,893,69 
.000,002,949,58 
.000,012,939,7 
.000,010,793,4 


.OO11971 
.OO16132 
-0017835 
0019518 
.0021128 
.0022654 | 
.0024098 | 
.0025458 
0026120 | 
.0026757 
.0027392 
.0028010 
0029213 
.0030373 


i) 


the transmission 7’, on the assumption that there is perfect trans- 
mission up to and at 1.6132. The deviations from 7,=1 are 
then found to be far smaller than the average experimental errors 
which usually enter into such work. 

The absorption index (extinction coefficient) « is computed 
from the equation A =/—e™', where a=4~. Here the thick- 
ness, J, of the plate and the wave-length are in millimetres. The 
data are given in the last column of Table I. The absorption 
band of quartz occurs at 2.95». 
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The factors for eliminating the absorption in a wedge of 
quartz are determined from the equation 
In log (1—A) Bil 


I~ ((1—A)B#— 1 log e 


In these equations A is the absorption (1 — T,) observed in the 
quartz plate and / is its thickness (29.925 mm.) ; B is the thick- 
ness of the back of the prism (7.e., the width of the face, 52 mm., 
which is opposite the refracting angle), and h is the vertical 
height of the refracting edge from the back of the prism. The 
observed intensity (in galvanometer deflections) is /; and J, is 
the true intensity of the radiations emanating from the source. 
A further increase in the value of /, is, of course, necessary for 
loss by reflection, r, from the prism faces and for variation of 
reflection, y*, with angle of incidence. 

Table Il gives the factors to be used in eliminating this ab- 
sorption in a quartz prism the back face of which is 50 to 52 mm. 
in thickness. From this table it will be found that, for example, 
at 2.70 the observed intensity must be increased by 8.8 per cent. 
in order to correct for the loss by absorption in the prism. 


TABLE II. 
TRANSMISSION—QUARTZ, 


Factors for eliminating absorption in a quarts prism having a base (back 
face) of 50 to 52 mm. width. 


A Factor 
RD.) s\n Sey asele bee 6A Giclees ee pa aes RODEN 6 prob ic ape 1,0000 
Ra os Pe vr as CHAD ead ow ee CRAMER aa Onis OES 1.0010 
BQO: a ood v0cec cc wsnnscete sce teen ebb Reriew ewes He cece sic’ 1.0019 
IEEE S, Cae Pe TIF Nn Op eR 9 ne RE ONE ee 1.0028 
rn RR 2 OS ase PM ae RB 9 a ROR cP eg en 1.0038 
y 1: Verrerrt TPT ELT eT aL LEPC LERE eT CLT Le eee 11,0050 
ME Ss taidaacuik-s bn eb iae a cea ee ae as < Ade gkalee aes owe 1,0062 
Ts his ae backs Wine te x is Led canada s bai Aanes cei’ 1.0076 
BBO 6 i. wine sind ce 0wlsejwids gees owe ee ews bow ee rec dese eee 1.0091 
DINE Ue Fs ots PRR EEY CoM EORP ESS ind ds 6 aibule pein Ce 1.0108 
NS ios isa aa inte ida rd bn ES Kegs tee Eee oie see 1.0132 
BG h visa BRK ce oR Re aA HAS ea ORES a Cee same k be has ae 1.0165 
ic Rise coh os SE cw RW ice Waa ho eh 4 kad wn ko Nee 1.0205 
NG 6s oP ie oa en ig bh Ot S0 2x caused Bus Ween teens be 1.0262 
GO iiss Ses aS aa ei ok hv bc hia Sis Be tn ven 1.0335 
Gis tos ss ak iT ok dae ORK ala Awe sas 700 - 1.0430 
Pere re eee et See ene eT Tre a a bt Pee eee 1.0550 
BIG Sc SS a ek Sek ks es Wee Bice cca bean 1.0600 
PS Sb aroha so oa aes 2 a Oe ee oes 1.0880 
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Lack of Dock Accommodation. ANon. (Amer. Mach., XXxix, 
No. 24, 996.)—The increase in the size of modern transatlantic liners 
has called attention to the lack of suitable dock accommodation, but 
this is being remedied on this side of the ocean. Both Canada and 
this country are beginning to feel their responsibilities, and dry docks 
to take the largest ships will soon be found on the Atlantic seaboard. 
The Canadian Government is planning to build at Levis, on the St. 
Lawrence, a dry dock of the following dimensions: length, 1160 feet; 
width of entrance, 120 feet; depth of sill at ordinary high water, 40 
feet. It will be the largest in existence and will be divided into two 
sections, 660 and 500 feet long respectively. Boston is shortly to 
have two dry docks capable of receiving the largest boats, though 
these will not be quite so large as the Canadian docks. They are to 
cost approximately $3,000,000, and the Cunard, International Mer- 
eantile Marine, and Hamburg-American lines are to subscribe $50,000 
a year for 20 years for their use. 


Nickel as Catalyst. J. B. SeNDERENs and J. ABouLENC. (Bull. 
Soc. Chim., xi, 641.) —The temperature at which nickel oxide is re- 
duced by hydrogen depends on the mode of preparation and treatment 
of the oxide used ; there is also a considerable difference between the 
temperature at which reduction commences and that at which it is 
complete. Complete reduction is not effected below 300° C., but the 
mixture of metal and oxide thus obtained is more active than the 
metal prepared by total reduction at a higher temperature ; the activity 
of reduced nickel being diminished by heating to a comparatively 
high temperature, although at the same time its catalytic properties 
become more permanent. Pyrophoric nickel, when heated in the 
air, furnishes an oxide which is reducible at a comparatively low 
temperature, and reduced nickel of impaired activity may be restored 
by oxidizing it and again reducing. 


A New Alloy—Argental. Anon. (Amer. Mach., xxxix, No 
24, 1002.) —The inventor of the “ McAdamite ” alloy has produced 
this new alloy of silver and aluminum, named Argental. It was pro- 
duced as a substitute for silver, and is claimed to be superior to silver 
for many industrial uses. It can be cast, rolled, spun, drawn into 
wire, and takes a good polish, and is stronger than either silver or 
aluminum. It resembles silver, is not affected by nitric acid, and 
does not tarnish in air. As its specific gravity is only one-third that 
of silver, it may be used for the manufacture of tableware specialties 


and the like. 


Quality of Steel. Anon. (Amer. Mach., xxxvi, 26, 1018.)— 
The rapid development in the quality of steel must be credited to a 
great extent to the automobile and the aéroplane. Wire for aéro- 
plane stays or guys is made from 0.025 to 0.102 inch diameter, with 
a tensile strength of 350,000 pounds per square inch. 


THE FRANKLIN INSTITUTE 


(Proceedings of the Stated Meeting held Wednesday, March 18, 1914.) 


HALL oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 18, I914. 


PRESIDENT WALTON CLARK in the Chair. 


Additions to membership since last report, 6. 

Dr. George A. Hoadley, on behalf of the Committee on Science and the 
Arts, introduced Mr. George W. Loggie, treasurer of the Kinkead Manu- 
facturing Company, Boston, Massachusetts, to whom had been awarded the 
Longstreth Medal of Merit for their apparatus for aligning and levelling shaft- 
ing. The chairman then presented the medal to Mr. Loggie. 

After the transaction of the above business a joint meeting was held 
with the Philadelphia Section of the American Institute of Electrical Engi- 
neers, President Clark and Chairman Cheyney presiding jointly. 

It was announced that because of death in his family Dr. Edwin F. 
Northrup, who had been scheduled to speak on “ The Problem of Electrical 
Conduction,” found it impossible to be present. 

Mr. H. A. Hornor, Electrical Engineer of the New York Shipbuilding 
Company, presented an interesting communication on “The Marine Applica- 
tions of Electricity.” The many and varied uses of electricity on board ship 
were fully described, including its applications in signalling to and from 
various parts of a vessel, as an adjunct in gunnery for range finding and other 
purposes, for lighting, heating, baking, and for communication between 
vessels and land. The subject was illustrated by lantern slides. 

After a vote of thanks to the speaker, the meeting adjourned. 

R. B. Owens, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of the Stated Meeting held Wednesday, 
March 4, 1914.) 


HALL oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 4, 1914. 


Mr. Georce R. HENDERSON in the Chair. 


The following report was presented for first reading: 
No. 2596.—Hirsch’s Electric Safety Lamp. 
The following report was presented for reconsideration : 
No. 2530.—Stumpf’s Una-Flow Steam Engine. Edward Longstreth 
Medal of Merit. Adopted. 
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The following resolution, expressing the regrets of the committee on 
the retirement of Prof. Lewis M. Haupt, was unanimously adopted: 

“The Committee on Science and the Arts of The Franklin Institute. jn 
view of the retirement of Prof. Lewis M. Haupt from active participation 
in its work, unanimously resolves that the following appreciation shal! be 
entered on the minutes of the committee and published in the JourNat of the 
Institute : 

“The committee notes that Professor Haupt’s membership in this body 
has extended almost continuously through more than thirty years (from 
1883 to the present time), and makes record that throughout this period his 
collaboration, not only as an acknowledged authority in water and land trans- 
portation, in harbor improvements and in the broad domain of engineering 
generally, but also as a scientific publicist and economist, has been of the 
utmost value to the cause for the promotion of which this committee is 
organized. 

“The committee has come to recognize Professor Haupt as a veteran 
scientist whose ripened judgment has been instructive and whose genial 
personality has been an inspiration to all his co-workers, and greatly regrets 
that his formal and active codperation has now been withdrawn. On its 
own behalf and for the Institute, the committee extends to Professor Haupt 
a thankful acknowledgment of his many years of valuable service.” 

R. B. Owens, 
Secretary. 


PRESENTATION OF THE EDWARD LONGSTRETH MEDAL OF 
MERIT TO KINKEAD MANUFACTURING COMPANY. 


The Edward Longstreth Medal of Merit, awarded to Kinkead Manu- 
facturing Company for their apparatus for aligning and levelling shafting, 
was presented to Mr. George W. Loggie, Treasurer of the Company, at the 
Stated Meeting of the Institute on Wednesday evening, March 18. 

Dr. George A. Hoadley referred to the recommendation embodied in the 
report of the Committee on Science and the Arts, that this Medal be awarded 
the Company for their device in consideration of its novelty, simplicity, and 
efficiency. He then presented Mr. Loggie to the President, by whom he was 
given the Medal. 


SECTIONS. 


Section of Physics and Chemistry—A meeting of the section was held 
in the Hall of the Institute on Wednesday evening, February 11, at eight 
o'clock. 

Mr. Louis E. Levy occupied the chair. 

The minutes of the previous meeting were approved. 

Oswald Schreiner, Ph.D., of the Bureau of Soils, U. S. Department of 
Agriculture, Washington, D. C., delivered an illustrated lecture on “ The 
Biochemistry of Soil Fertility,” in which he described the soil fertility investi- 
gations of that Bureau. 
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A description was given of the gradual chemical decomposition of animal 
and vegetable matter in the soil with the formation of a great number of 
organic compounds, some toxic to plant life, others exerting a highly favor- 
able influence on plant growth. The methods of isolation of these compounds 
from the soil, and of testing their action, singly, in combination with each 
other, and with inorganic fertilizers, upon plants in the laboratory and in 
field experiments, were discussed. The relation of the results obtained to 
scientific agriculture was shown. 

The paper was discussed at great length, a vote of thanks was extended 
to Dr. Schreiner, and the meeting adjourned. 

JoserH S. HEPBuRN, 
Secretary. 


Mechanical and Engineering Section—A meeting of the section was held 
in the Hall of the Institute on Thursday evening, February 26, at eight 
o'clock. 

Dr. Walton Clark occupied the chair. 

The minutes of the previous meeting were approved as published. 

The Chairman introduced Prof. M. E. Cooley, D.Eng., LL.D., Dean of 
the Department of Engineering, University of Michigan, Ann Arbor, Mich., 
who delivered a lecture on “ The Valuation of Public Utility Properties.” 

The speaker emphasized the necessity of a correct knowledge on the part 
of the public of the fundamentals of public utilities. He said that the fullest 
coéperation should exist between public utility commissions of the different 
States, municipalities, and the Federal Government, in framing legislation 
and in the conduct of investigations of the relations of public utilities to the 
public. He outlined the many expenses entailed in promoting a public 
utility, which he said were but rarely considered by the public. 

After discussion by members present, the thanks of the meeting were 
extended the speaker. 

Adjourned. WituiAM E. BULLOCK, 

Acting Secretary. 


Section of Physics and Chemistry—A meeting of the section was held 
in the Hall of the Institute on Thursday, March 5, ror4, at 8 o'clock P.M., 
with Mr. E. H, Sanborn in the chair. The minutes of the previous meet- 
ing were read and approved. L. C. Jones Ph.D., of the Solvay Process Com- 
pany, Syracuse, N. Y., delivered an address entitled “ By-Products of Coal,” 
in the course of which he discussed the geo-chemistry of the formation of 
coal deposits and described certain new coal fields. The physical and chem- 
ical changes undergone by various species of coal on heating were described, 
as was the influence of the temperature and the pressure on the yield of 
gaseous products, ammonia, forrocyanide, and benzol hydrocarbons. The 
lecture was illustrated by means of lantern slides and by specimens of coals 
before and after heating. The paper was discussed and, on motion of Dr. 
Walton Clark, a vote of thanks was extended to the speaker. The meeting 
then adjourned. 


JoserH S. HeEprurn, 
Secretary. 
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MEMBERSHIP NOTES. 


MEMBERSHIP NOTES. 
Elections to Membership. 
(Stated Meeting, Board of Managers, March 11, 1914.) 
RESIDENT. 


Mr. J. Stuart FREEMAN, 1429 Chestnut Street, Philadelphia. 

Dr. Cuarites S. HoLLtANnper, 40 North Fourth Street, Philadelphia. 
Mr. JosepH M. JAmeson, Girard College, Philadelphia. 

Mr. Cuartes W. Tuomas, Silica Stone Works, Frazer, Pennsylvania. 


NON-RESIDENT. 

Mr. Hersert A. Burson, Canadian Crocker-Wheeler Company, St. Cather- 
ines, Ontario, Canada. 

Mr. Matcotm E:.is, Ellis Adding Typewriter Company, Newark, New 
Jersey. 

Changes of Address. 

Mr. Francis H. Apter, 3400 Walnut Street, Philadelphia. 

Mr. Francis T. CHAMBERS, Esquire, 712 Walnut Street, Philadelphia. 

Mr. Georce R. Hart, Hotel Grand, 31st and Broadway, New York City, New 
York. 

Mr. T. CHALKLEY Hatton, City Hall, Milwaukee, Wisconsin. 

Mr. Witt1AM R. Huttincer, 58 West Stratford Avenue, Lansdowne, Penn- 
sylvania. 


NECROLOGY. 


Dr. Edwin James Houston was born at Alexandria, Va., in 1847. He 
was educated at the Central High School, Philadelphia, and was graduated 
Bachelor of Arts in 1864; he received his Master’s degree from the school 
later, and subsequently the honorary degree of Doctor of Philosophy from 
Princeton University. 

For twenty-six years Dr. Houston was a member of the faculty of the 
Central High School, occupying the chair of Physical Geography and Chemis- 
try. Later he became associated with Dr. A. E. Kennelly under the firm 
name Houston and Kennelly, consulting engineers. 

He was perhaps best known as one of the inventors of the Thomson- 
Houston system of arc lighting and as a writer of many books on electrical 
subjects. 

Dr. Houston was elected to life membership in The Franklin Institute 
in 1868. He was a member of a number of committees, including special elec- 
trical committees and committees on lectures and meetings. He was chief 
electrician of the International Electrical Exhibition held in Philadelphia in 
1884 under the auspices of the Institute. 

He was Emeritus Professor of Physics of The Franklin Institute, a 
member of the 1884 U. S. Electrical Commission, the American Philosophical 
Society, the American Institute of Mining Engineers, and was twice Presi- 
dent of the American Institute of Electrical Engineers. 
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George Westinghouse was born at Central Bridge, N. Y., in 1846. He 
attended the public high schools at Schenectady, and at the age of seventeen 
enlisted in the Union Army. In 1864 he was appointed Third Assistant 
Engineer, U. S. Navy, and was honorably discharged in the following year. 
He then entered Union College, where he remained until the close of his 
sophomore year. He had early exhibited an inventive capacity, having at 
the age of fifteen developed a rotary engine. In 1865 he invented a device for 
replacing derailed railroad cars upon their tracks, and three years later he 
patented his first invention of the air-brake. 

The Westinghouse Air Brake Company was formed in July, 1870, and 
in the same year Mr, Westinghouse went to England to introduce the air- 
brake there. He spent seven years in that country between 1871 and 1882, 
and succeeded in overcoming the difficulties incident to the application of 
his invention to European railroad practice. In the meantime, he invented 
the “automatic” feature of the brake, which removed the danger from the 
parting of trays on steep grades, accomplished by the incorporation of the 
“triple valve.” The automatic and quick action brakes are regarded by 
experts as surpassing the original brake in ingenuity, and, in the present- 
day air-brake practice, these inventions are utilized as essential embodiments. 

In 1880 Mr. Westinghouse became interested in the operation of rail- 
way signals and switches by compressed air, and the system later patented 
by him was successfully introduced at many of the largest depots in this 
country. 

The Westinghouse Electric Company was formed in 1886 as a result of 
Mr. Westinghouse’s interest in the manufacture of electric lamps and 
lighting apparatus; the business of this corporation rapidly developed, and 
it absorbed other properties and was reorganized into the Westinghouse 
Electric and Manufacturing Company in 1891, the concern now employing 
over twenty-two thousand people. Mr. Westinghouse secured for this com- 
pany the contract for the electrical equipment of the World’s Fair in 1892, 
and for the generators at Niagara Falls in the following year. 

The question of the steam turbine and its applications was investigated 
by Mr. Westinghouse, and he secured the patent rights of Chas. A. Parsons, 

f England, in 1897-08. This development of a new prime mover soon led 
the inventor to consider the use of the turbine as a prime mover for ships, 
ind Mr. Westinghouse developed and brought out one of the most ingenious 
levices of modern mechanical engineering—the gear for reducing the inher- 
ently high speed of a turbine to the slow speed of a ship propeller or direct 
urrent dynamo. He accomplished this work in collaboration with the late 
\dmiral Geo. W. Melville, U. S. N., and John H. MacAlpine. Within the 
last few years he also occupied himself with the development of an air 
spring for automobiles and motor trucks, which rapidly came into favor. 

Mr. Westinghouse rendered an invaluable service to electrical develop- 
ment when, in spite of much opposition, he remained steadfast in his belief 
that the alternating current system of high-tension transmission would make 
distant electrical distribution possible. 

\ struggle almost identical with that of the earlier fight for alternating- 
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current transmission was the recent introduction of alternating-current trac- 
tion by means of the single-phase motor, which the Westinghouse Electric 
and Manufacturing Company has now brought into reality in the case of a 
number of traction lines, railroad terminals and tunnels. In spite of the 
same competition, Mr. Westinghouse made a step in electric railway practice 
which the electrical world was, in like manner, quick to follow. 

Originating with one of the most important inventions connected with 
railways, the various Westinghouse industries have grown and have been 
largely identified with railway progress, and it is interesting to note that 
this progress has represented increased security of life, increased capacity 
of the railway, and reduced cost of operation. 

As with his first invention, the air-brake, the different apparatus has been 
developed to answer actual needs, in some cases acknowledged generally, 
and in others foreseen by him with remarkable precision. When the appa- 
ratus had passed the experimental state and was ready for commercial 
exploitations, he established factories which are themselves models, and 
which show the same anticipation of future development. Not only are the 
buildings handsome and well equipped with the best tools, but the comfort 
of the employees has been considered in every respect. It is noteworthy that 
the fifty-four-hour week was started in the Air Brake Works in 1860, and 
has been adopted in all the other plants as they have been established. 

Mr. Westinghouse received many honorable distinctions for his achieve- 
ments and in recognition of the services he rendered the various branches 
of engineering. His alma mater, Union College of Schenectady, conferred 
upon him the degree of Doctor of Philosophy in 1890. He was decorated 
with the order of the Legion of Honor, with the order of the Royal Crown 
of Italy, and with the order of Leopold of Belgium. He was the second 
recipient of the John Fritz medal. He received the honorary degree of 
Doctor of Engineering from the Koenigliche Technische Hochschule of 
Berlin, Germany, in 1906. He was an honorary member of the American 
Society of Mechanical Engineers, of which body he was president in 1g10. 
He was one of the two honorary members of the American Association for 
the. Advancement of Science. He was an honorary member of the National 
Electric Light Association of America. He was awarded the John Scott 
Medal and Premium by the City of Philadelphia, acting on the recommen- 
dation of The Franklin Institute of the State of Pennsylvania for his in- 
ventions of the air-brake in 1874. He received the Edison gold medal for 
meritorious achievements in the alternating-current system of electrical 
distribution. In December, 1913, he was presented, in New York City, with 
the Grashof Medal awarded him by the Verein Deutscher Ingenieure, which 
society recognized him as the greatest American engineer. 

Mr. Westinghouse was connected with a large number of industries 
both at home and abroad. He was President and Director of Westinghouse 
Air Brake Co.; Westinghouse Machine Co.; Nernst Lamp Company; The 
Union Switch & Signal Co.; Société Anonyme Westinghouse, Paris; 
Cooper Hewitt Electric Co.; Pittsburgh Meter Co.; Société Italiane West 
inghouse, Italy; The East Pittsburgh Improvement Co.; the Westinghouse 
Brake Co., Ltd., London; Westinghouse Cooper Hewitt Company, London; 
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Westinghouse Friction Draft Gear Co.; Westinghouse Metal Filament Lamp 
Co., Ltd., London. He was also Chairman of the Board of Directors of 
Westinghouse Electric Co., Ltd., London; and Director, Westinghouse Elec- 
tric & Manufacturing Co., Pittsburgh, Pa.; the Traction & Power Securi- 
ties Co.; Westinghouse Metallfaden Glihlampenfabrik, Vienna. He became 
a life member of the Institute on July 3, 1873. 


Mr. George Thomson was born in Philadelphia November 25, 1841. 
He was educated in the schools of his native city and about 1861 with Amos 
Westcott founded the firm of Westcott & Thomson, who were among the 
first in Philadelphia to apply electrotyping to commercial purposes. Mr. 
Thomson took an active interest in politics and was a member of numerous 
fraternal associations. He died January 28, 1914. 


Mr. Charles H. Cramp, Beach and Ball Streets, Philadelphia. 
Mr. H. Van Meerten, Buitenzorg, Java. 
Dr. Thomas Wistar, East Penn Street, Philadelphia. 


LIBRARY NOTES. 


Purchases. 


American Machinist—Machine Shop Catechism. 1913. 

Ampere, ANDRE Marie.—Theorie des phenomenes electro-dynamiques. 1826. 

Batt, J. D. W.—Reinforced Concrete Railway Structures. 1913. 

Benson, H. K.—Industrial Chemistry. 1913. 

Enter, R.—Switches and Switchgear. 1913. 

Fieminec, A. P. M.—Insulation and Design of Electrical Windings. 1913. 

Happon, I. J., and H.—Practical Treatise for Boiler Makers. 1913. 

INCHLEY, Wm.—Theory of Heat Engines. 1913. 

Jahrbuch ueber die Fortschritte auf allen Gebieten der Luftschiffahrt. 2 vols. 
IQIT. 

JeLLINEK, Kari.—Physikalische Chemie der homogenen und heterogenen Gas- 
reaktionen. 1913. 

Mason, C. J.—Arithmetic of the Steam Boiler. 1914. 

Oum, G. S—Die galvanische Kette, mathematisch bearbeitet. 1827. 

Stocum, S. E.—Theory and Practice of Mechanics. 1913. 

STEPHEN, Lestie.—Dictionary of National Biography. 6 vols. Abb-Browell. 
1886. 

Van Nostrand’s Chemical Annual. 3rd issue. 1913. 

Warnes, A. R.—Coal-tar Distillation, and Working Up of Tar Products. 
1913. 

Wetts, J. L, and A. J. Wattiis-Taytor.—Diesel, or Slow-combustion Oil 
Engines. 1914. 
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Gifts. 

American Institute of Electrical Engineers, Year-Book, 1914. New York, 
1914. (From the Institute.) 

American Society of Mechanical Engineers, Year-Book, 1914. New York. 
1914. (From the Society.) 

Armour Institute of Technology, General Information, May, 1913. Chicago, 
1913. (From the Institute.) 

Clark University, Register and 26th Official Announcement. Worcester, 
Mass., 1914. (From the University.) 

Canada Department of Mines, Memoir No. 23, Geology of the Coast and 
Islands between the Strait of Georgia and Queen Charlotte Sound, B. C, 
and Memoir No. 29-E, Oil and Gas Prospects of the Northwest Provinces. 
Guide Books Nos. 1, 2, 3, 4. Ottawa, 1913. (From the Department.) 

Canada Minister of Public Works, Report, 1913. Ottawa, 1913. (From the 
Minister. ) 

Grand Rapids Board of Public Works, 4oth Annual Report, 1913. Grand 
Rapids, Mich., no date. (From the Board.) 

Great Britain Board of Trade, Standard Time Rates of Wages. October, 
1913. London, 1913. (From the Board.) 

Hartford Steam Boiler Inspection and Insurance Co., The Locomotive, vol. 
29. Hartford, Conn., 1913. (From the Company.) 

Illinois State Mining Board, 32nd Annual Coal Report, 1913. Springfield, 
1914. (From the Board.) 

Institution of Civil Engineers, Minutes of Proceedings, vol. 193. London, 
1914. (From the Institution.) 

Institution of Mining and Metallurgy, Transactions, vol. 22, 1912-1913. Lon- 
don, 1913. (From the Institution.) : 

Interstate Commerce Commission, 27th Annual Report. Washington, D. C., 
1914. (From the Commission.) 

Iowa Board of Railroad Commissioners, 35th Annual Report, 1912. Des 
Moines, no date. (From the Commissioners. ) 

Iowa Geological Survey, Bulletin 4, The Weed Flora of Iowa. Des Moines, 
1913. (From the Survey.) 

Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie der Naturfor- 
scher, Leopoldina, Heft 49, 1913. Nova Acta Band 98, 99. 10913. Halle, 
1913. (From the Akademie.) 

Liverpool Engineering Society, Transactions, vol. 34. Liverpool, Eng., 1913. 
(From the Society.) 

McGill University, Directory of Graduates, July, 1913.. Montreal, 10913. 
(From the University.) 

Manchester Steam Users’ Association, Memorandum by Chief Engineer, 1912. 
Manchester, Eng., 1913. (From the Association.) 

Massachusetts Institute of Technology, President’s Report, 1914. Boston, 
1914. (From the Institute.) 

Montana State Board of Railroad Commissioners, Sixth Annual Report, 1913. 
Helena, 1914. (From the Commissioners.) 
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New Hampshire State Public Service Commission, Reports and Orders, vol. 
3, 1913. Concord, 1913. (From the Commission.) 

Northampton Water Commissioners, 43rd Annual Report. Northampton, 
Mass., 1913. (From the Commissioners.) 

Ontario Department of Agriculture: Live Stock Associations, Annual Re- 
port, 1913; Corn Growers’ Association, 5th Annual Report, 1912. To- 
ronto, 1914. (From the Department.) 

Pennsylvania Academy of The Fine Arts, Catalogue of the rooth Annual Ex- 
hibition, 1914. Philadelphia, 1914. (From the Academy.) 

Pennsylvania Railroad Company, Record of Transportation Lines, Dec., 1913. 
Philadelphia, 1914. (From the Company.) 

Pennsylvania Railroad Company Test Department, Brake Tests, Report of 
a Series of Road Tests of Brakes on Passenger Equipment Cars Made at 
Absecon, New Jersey, in 1913. No place, 1913. (From the Company.) 

Pennsylvania Commissioner of Banking. Report, 1912, pt. 2; Superintendent 
of Public Instruction, Report, 1912; School Laws, 1913, and Bulletin 9 
of the Department of Fisheries; Auditor-General’s Report, 1912. Har- 
risburg, 1914. (From the State Librarian.) 

Philippine Islands Bureau of Education, Bulletin 49, Industrial Fiber Plants 
of the Philippines. Manila, 1913. (From the Bureau.) 

San Fernando Instituto of Y Observatorio de Marina, Almanaque Nautico, 
1915. San Fernando, Spain, 1913. (From the Institute.) 

United States Army, Index Catalogue of the Library.of the Surgeon-Gen- 
eral’s Office, vol. 18 (second series). Washington, D. C., 1913. (From 
the Surgeon-General’s Office.) 

United States Smithsonian Institution, Report of the Secretary, 1913. Wash- 
ington, D. C., 1913. (From the Institution.) 

University of Minnesota, Minnesota Plant Studies No. 5, Guide to the 
Autumn Flowers of Minnesota. Minneapolis, 1913. (From the Uni- 
versity.) 

University of Wisconsin, Catalogue 1912-1913. Madison, 1913. (From the 
University.) 

Wesleyan University, Catalogue 1913-1914. Middletown, Conn., 1914. (From 
the University. ) 

Western Reserve University, Catalogue 1913-1914. Cleveland, 1914. (From 
the University.) 

William Smith College, Catalogue 1913-1914. Geneva, N. Y., 1914. (From 
Hobart College.) 

Yale University, General Catalogue 1913-1914. New Haven, 1914. (From 
the University. ) 


BOOK NOTICES. 


InpustrraL Orcanic Anatysis. By Paul S. Arup. Published by P. Blakis- 
ton’s Son & Company, Philadelphia. 340 pages, 18x12 cm. Price, $2.25. 
The purpose of this little manual is to supplement the purely scientific 

training of the chemical student by some training in practical methods. The 
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subjects handled are fuels, coal tar, oils and fats, soap, petroleum, and food 
products. Each chapter ends with an excellent bibliography. In most cases 
the author has wisely adopted the policy of giving only one method for each 
determination. A multiplicity of methods merely bewilders the beginner, since 
he has not as yet had the experience necessary to make an intelligent choice. 
The author of his text-book should do the selecting. 

In the present book the methods are well chosen and the descriptions, 
while concise, are sufficiently full and exact. There is an excellent index. 


Ropert H. Brapsury. 


QuANTITATIVE ANALysISs. By Frank Clowes and J. Bernard Coleman. Tenth 
edition. Published by P. Blakiston’s Son & Company, Philadelphia. 

577 pages, 22x14 cm. Price, $3.50. 

The ninth edition of this standard text was reviewed in this Journa. 
about two years ago. The size of the book remains almost unchanged from 
the ninth edition, only twelve pages having been added. Nevertheless, some 
interesting new matter appears. Among the more noteworthy additions are 
methods for the analysis of commercial aluminum and bauxite, for the esti- 
mation of titanium in iron ores, for the determination of phosphorus and 
manganese in iron and steel, of moisture in coal, of foreign fats in butter, 
and a description of a new drying oven. This new material is collected into 
an appendix. 

In the analysis of aluminum the fact that the commercial metal invariably 
contains gallium is not mentioned. However, the percentage of gallium is 
very small, and its determination would hardly be a task for the beginner. 

The new method for phosphorus consists in dissolving the yellow 
phosphomolybdate precipitate in ammonia, acidifying with hydrochloric acid, 
and precipitating with a solution of lead acetate. The lead molybdate is ignited 
and weighed and the phosphorus calculated. In other words, the method is 
merely an application to phosphorus of Chatard’s method for determina- 
tion of molybdic acid. 

The student who works the method from the description on page 550 
would in all probability ignite his lead molybdate with the filter in a covered 
platinum crucible. Probably the author intends him to use a Gooch crucible, 
but there is nothing to indicate the fact. The reviewer has no experience 
of the method, but he confesses to cherishing considerable scepticism as to 
whether it possesses any advantages over the method at present in use for the 
estimation of phosphorus. 

This is probably the best manual to put into the hands of the student 
beginning quantitative work. The usefulness of the book is greatly increased 
by an elaborate system of cross-references. 

Rosert H. Brapsury. 


ALLEN’s COMMERCIAL ORGANIC ANALYSIS. Fourth edition, vol. viii. Edited by 
W. A. Davis and S. S. Sadtler. Published by P. Blakiston’s Son & Com- 
pany, Philadelphia. 606 pages, 23x 14.5 cm. Price, $5. 

The fourth edition of this standard work is now complete. The chief 
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subjects treated in the eighth and final volume are Enzymes (Armstrong), 
Proteins (Schryver), Proteins of Plants (Armstrong), Milk (Leffmann), 
Meat (Richardson), Albuminoids (Alexander), Fibroids and Artificial Silk 
(Dreaper). : 

Rosert H. Brapsury. 


BioxaM’s CHEeMistrY. Tenth edition, rewritten and revised by Arthur G. 
Bloxam and S. Judd Lewis. Published by P. Blakiston’s Son & Company, 
Philadelphia. 878 pages, 24x15 cm. Price, $5.50. 

When the first edition of Bloxam was issued, in 1867, it gave, in little 
more than six hundred pages, a compendious account of the chemical science 
of the time. At present, just about half a century later, the task of ade- 
quately treating all phases of the subject, technical and scientific, organic and 
inorganic, in a single volume wears a very different aspect. It is somewhat 
dificult to see what advantages a single encyclopedic work possesses, com- 
pared with several smaller specialized books covering the same ground. 
Nevertheless, the marked success of the two recent volumes by Ettore Moli- 
nari indicates that there is a considerable demand for comprehensive treat- 
ment of this kind. 

The authors of the present book are to be congratulated on having 
performed a laborious piece of work in a very creditable way. The book 
presents an enormous mass of information on all branches of chemistry. 
It has been revised and modernized with great care, and everything which 
may fairly be supposed to fall in its scope is to be found in it. The index— 
a most important feature in a comprehensive volume of this kind—is unusually 
complete, covering more than fifty pages in.double column. 


Rosert H. Brapsury. 


Dre ENTDECKUNG Des Raprums. Von Mme. P. Curie. Octavo, 28 pages, with 
5 illustrations. Leipzig: Akademische Verlagsgesellschaft m. b. H. 
Price, 1.50 marks. 

This is the authorized German edition of the address delivered by the 
illustrious discoverer on receiving the Nobel Prize for Chemistry in 1911. 
It narrates in charmingly simple and clear language the story of the dis- 
covery and investigation of the radio-active substances. While of necessity 
this account is largely concerned with the results of her work on radium and 
polonium, for which the prize was awarded her, the author, in a most de- 
lightful spirit of fairness and generosity, accords due credit to the other 
great investigators in the field of radio-activity. Particularly pleasing in 
this respect are her references to the achievements of Henri Becquerel and 
Ernest Rutherford, and to the part which her late and lamented husband, 
Pierre Curie, has had in the discovery of radium and polonium. It is impos- 
sible, after reading this pamphlet, to conceive of a more deserving tribute 
to a great scientist than the award of the Nobel Prize in chemistry to Mme. 
Pierre Curie. 


H. F. Ketver. 
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Letzte GEDANKEN. Von Henri Poincaré. Octavo, 261 pages. Leipzig: 

Akademische Verlagsgesellschaft, m. b. H., 1913. 

As the title indicates, this is a posthumous publication from the pen of 
the great mathematician and philosopher. It contains nine essays and 
addresses on a great variety of topics, but in every instance discussing with 
the author’s well-known breadth of vision and lucidity of presentation some 
scientific or ethical problem of fundamental importance. A mere glance 
at the headings suffices to indicate the character of this remarkable book ; they 
are as follows: Are the Laws of Nature Invariable?; Space and Time; Why 
Space has Three Dimensions; The Logic of the Infinite; Mathematics and 
Logic; The Hypothesis of Quanta; Matter and Universal Ether; Morals 
and Science; and The Universality of Ethics. 

In the warmly sympathetic preface which Ostwald has written for this 
excellent German translation of Poincaré’s book he points out that the author 
is a typically modern investigator “ who cannot acquire knowledge or occupy 
himself with new conceptions without engaging in creative labor in the new 
field thus opened up to him.” H. F. Keer. 


Der WERDEGANG EINER WISSENSCHAFT: Sieben gemeinverstandliche Vortrage 
aus der Geschichte der Chemie von William Ostwald. Second edition. 
Leipzig: Akademische Verlagsgesellschaft m. b. H. Small 8vo, 308 
pages and index. Price, 6.609 marks. 

This is a compact summary of salient features in the history of chemistry, 
written so as to be useful to those not fully trained in the science. It sug- 
gests somewhat Wiirtz’s “History of the Atomic Theory,” but does not 
show the chauvinism of that work, which boldly and unjustly starts off with 
the declaration “Chemistry is a French science.” Ostwald’s book is in 
part a report of his lectures about eight years ago at the Massachusetts 
Institute of Technology and Columbia University, but, as might be expected, 
material alterations and additions have been made in reducing these to the 
printed form. The seven subjects are: The Elements; Combining Weights 
and Atoms; The Laws of Gases and the Molecular Theory; Isomerism and 
Structure; Electrochemistry; Affinity; Chemical Dynamics. 

It is unnecessary to say that we have here presented in attractive literary 
form an accurate synopsis of these several important phases of the develop- 
ment of chemistry. The first lecture devotes some space to the very earliest 
history, taking, as usual, Thales as the first who treated of the manifold 
phenomena of nature as explicable on material principles. He regarded 
water as the primordial material—at least taught that all existing matter is 
derived from the transformation of water. Ostwald points out that in Thales’s 
philosophy are to be found two principles that are still dominant in modern 
science: The doctrine that the present condition of matter is the result of 
change from a former condition—things have not always been as they are— 
and that the manifold forms of matter are referable to a limited number of 
original substances. The first doctrine dominates biology; the second the 
abiologic sciences, chemistry and physics. 

By many scientists Ostwald is admired, not only for his work in research 
and his capacity for presenting the results of his studies in a popular form, 
as well as in the technical language of highly-developed science, but also 
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for his aggressive liberalism, and his fearless association with those who 
are appealing for a scientific interpretation of life. The redeeming quality 
of Saxon humor is not lacking, as the following quotation will show: 

“ Liebig, der sich durch seine in der Dachkammer der Apotheke, in der 
er Lehrling war, ausgefiirthen Arbeiten iiber dass Knaliquecksilber gliicklich 
aus der Apotheke heraus, aber in die Aufmerksamkeit einflussreicher Per- 
sonen hineinexplodiert hatte, war nach Paris gegangen.” Then follows 
an account of the independent discovery by Liebig and Wohler of the isomeric 
cyanic acids, the intervention of Berzelius with his skilful generalization, and 
the establishment of a lifelong friendship between the two discoverers. The 
human note that is so frequently apparent in the book gives it special charm. 


Henry LEFFMANN. 


Das WERDEN DER WELTEN. Svante Arrhenius. Leipzig: Akademische Ver- 
lagsgesellschaft m. b. H. 8vo, 224 pages and index. IIlustrated. Price, 

5 marks. 

When Arrhenius asks to be heard, the scientific world must “ stop, look, 
and listen.” The volume in hand is the German translation of his well- 
known work, an excellent product of the printer’s art and an interesting prod- 
uct of the speculative spirit of a great scientist. The first chapters are devoted 
to terrestrial and celestial phenomena, the earth being especially studied in 
reference to the catastrophic changes, earthquakes and volcanic eruptions. 
Solar phenomena are then discussed, followed by studies of star clusters and 
nebule. A special chapter is given to pressure of light. 

The most interesting chapter is the last, “On the Extension of Life 
in Space.” In this the author sets forth his theory of the influence of light- 
pressure in driving minute spores to the different parts of space and the 
possibility of minute particles of cosmic dust serving as a sort of make- 
weight for these germs. He assumes a very abundant distribution and a 
comparatively small proportion of cases in which the germs light upon fertile 
places. One is reminded of the Parable of the Sower. 

It is a disappointment that no suggestion is made in regard to the origin 
of life. The theory is offered only to account for the distribution of it, 
from some point of origin. A brief allusion is made to the suggestion that 
other elements of the carbon group may enter into protoplasmic constituents 
and give rise to protoplasm with special properties, but this speculation is 
rejected as very improbable. 

Notice is made of some of the theories of spontaneous generation, but 
these also are not given any standing. It would have been very interesting 
to have Arrhenius’s views on the relation of enzymes and colloids to vital 
phenomena, and some speculations as to the manner in which non-living 
matter might acquire vital character. Most of the so-called instances of spon- 
taneous generation are unacceptable, because they claim the development of 
well-differentiated organisms. If spontaneous generation is now taking place, 
it is most likely to be the conversion of some complex mixture of nitrogenous 
bodies into a structureless and nearly quiescent mass. Long periods of evo- 
lution will probably be needed for the development of even a slightly differen- 
tiated organism. Henry LerrMANN. 
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PUBLICATIONS RECEIVED. 


Mechanical Laboratory Methods—tThe testing of instruments and ma- 
chines in the mechanical engineering laboratory and in practice, by Julian 
C. Smallwood, M. E., Associate Professor of Experimental Engineering, 
Syracuse University. 333 pages, illustrations, 12mo. New York, D. Van 
Nostrand Co., 1914. Price, in leather, $2.50. 

Fabrikation und Eigenschaften der Metalldrahtlampen, von Dr. phil. 
N. L. Miller. 192 pages, illustrations, 8vo. Halle (Saale), Wilhelm Knapp. 
1914. Price, in paper, 8.60 marks. 

Théorie mathematique de lEchelle musicale par Alphonse Vaucher. 67 
pages, tables, 8vo. Paris, Gauthier-Villars, 1913. Price, in paper, 2.25 francs. 

Canada Department of Mines, Mines Branch: Annual Report on the 
Mineral Production of Canada during the Calendar Year 1912 by John Mc- 
Leish, B.A., Chief of the Division of Mineral Resources and Statistics. 339 
pages, 8vo. Ottawa, Government Printing Bureau, 1914. 

Providence City Engineer, Annual Report for the Year 1912. 84 pages, 
maps, tables, 8vo. Providence, R. I., City Printers, no date. 

American Telephone and Telegraph Company, Annual Report of the 
Directors to the Stockholders for the Year Ending December 31, 1913. 68 
pages, 8vo. New York, 1914. 

Mellon Institute of Industrial Research and School of Specific Indus- 
tries: Smoke Investigation, Bulletin No. 6. Papers on the Effect of Smoke 
on Building Materials. Edited by Raymond C. Benner, Ph.D. 58 pages, 
8vo. Pittsburgh, Pa., University of Pittsburgh, 1913. 

U. S. Department of Agriculture, Bulletin No. 14, Professional Paper, 
The Migratory Habit of Housefly Larve as Indicating a Favorable Remedial 
Measure. An Account of Progress, by Robert H. Hutchison, Scientific 
Assistant. 11 pages, 8vo. Washington, Government Printing Office, 1914. 

United States Bureau of Mines: Report of the Director for the Fiscal 
Year ended June 30, 1913. 118 pages, map, 8vo. Bulletin 58, Fuel-briquetting 
Investigations, July, 1904, to July, 1912, by C. L. Wright. 277 pages, illustra- 
tions, 8vo. Bulletin 60, Hydraulic Mine Filling, Its Use in the Pennsylvania 
Anthracite Fields. A Preliminary Report, by Charles Enzian. 77 pages, 
illustrations, 8vo. Technical Paper 58, The Action of Acid Mine Water on 
the Insulation of Electric Conductors. A Preliminary Report, by H. H 
Clark and L. C. Ilsley. 26 pages, illustrations, 8vo. Technical Paper 66, Mud- 
laden Fluid Applied to Well Drilling, by J. A. Pollard and A. G. Heggem. 
21 pages, illustrations, 8vo. Washington, Government Printing Office, 1914. 


Decomposition of Ytterbium into its Elements. C. AUER von 
WetssacH. (Monatsh. Chem., xxxiv, 1713.)—By the fractionation 
of ytterbium the author isolated and purified the compounds of two 
constituent elements, cassiopeium, Cp, atomic weight = 175, and alde- 
baranium, Ad, atomic weight = 173. From the original 500 grammes 
of ytterbium oxide there were obtained about 48 grammes of cassio- 
peium oxide and over 200 grammes of aldebaranium oxide. 


CURRENT TOPICS 


Preparation of Metallic Tungsten. G.EruHarp. (Metallurgie, 
ix, 441.) —This paper discusses the various methods of obtaining 
metallic tungsten, and the conclusion is reached that the preparation 
of tungstic acid is the best intermediate stage. The purified sodium 
tungstate, obtained by fusion of the ore with 60 per cent. sodium car- 
bonate, was treated with hydrochloric acid containing 6 per cent. 
of nitric acid, and the tungstic acid thoroughly washed to remove 
alkaline salts. After completely drying, 100 kilos. of tungstic acid 
were mixed with 14.1 kilos. of pure charcoal and 2 kilos. of rosin, and 
heated to 1400° C. in a crucible the lid of which was carefully luted. 
The agglomerated metal was then finely ground and elutriated in the 
usual way, yielding a product containing 96.5 per cent. of pure metal. 


Melting-points of Commercial Brasses and Bronzes. ANON. 
(Amer. Mach., xxxix, No. 24, 984.)—As the result of tests made 
under the direction of the United States Bureau of Mines, the fol- 
lowing table of the melting-points of commercial brasses and bronzes 
has been summarized : 


Approximate Composition. Melting-point. 

Alloy. Copper. Zinc. Tin. Lead. C,° F.° 
CIE on hina ui oa,p0ccad iio’ 88 2 10 x 905 1825 
Leaded gun-metal ............... 85% 2 9% 3 980 1795 
PEs Sheet aisiiawenvaee ans 85 5 5 5 970 1780 
Low-grade red brass ............ 82 10 3 5 980 1795 
AE NNN So sauce’ pounce pans 80 Ji 10 10 045 1735 
DEO WUE: UNE Siac sce iesedses 85 5 10 aa 980 1795 
Half-yellow, half-red ............ 75 20 2 3 920 1690 
SD | RTE ORE Be 67 31 si 2 895 1645 
PRN: DE nk otsteks s ho neoas 61% 37 1% ih 855 1570 
Manganese bronze .............-- ae ‘a ? 870 1600 


The melting-point given is the “liquidus,” or point where the 
alloy is completely molten. The tests are described in detail in 
Technical Paper No. 60. 


Two New Types of Balance for Determination of Density. 
M. von ScHwarz. (Centr. Min. Geol., 1913, 565.)—One end of 
the balance arm carries two pans, the lower immersed in water as 
usual, the other moving over a graduated scale. The weight in air 
and loss in water can then be read off directly in the same units, and 
the density calculated. Tables show very satisfactory results 
obtained with the two models. One model takes only 0.5 gramme of 
material, while the other model takes up to 100 grammes. 
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Uses of Tantalum. ANON. (Amer. Mach., xxxix, No. 20, 
998.)—In the Chemiker Zeitung some uses of tantalum are pointed 
out. Below 200° C, the metal is not attacked by air or oxygen, nor 
by acids, except concentrated hydrofluoric acid. It is not attacked 
by aqua regia, nor by aqueous solutions of alkalies, but is attacked 
by fused alkalies. It is a good substitute for platinum electrodes 
when used as cathodes. If used as an anode it rapidly oxidizes, 
which necessitates a thin electrolytic coat of platinum. It has a 
peculiar advantage for the electrolytic analysis of metals, as the de- 
posit can be removed by solution in acids. 


Influence of Different Metals on the Thermo-electric Proper- 
ties of Iron-carbon Alloys. EuGene Dupuy and A. Porrevin. 
(Mon, Sci., iv, No. 865, 55.)—If, for each series of alloys with 
the same content of carbon, curves are constructed representing the 
variation of the mean thermo-electric power as a function of their 
content of added metal, it is concluded that nearly always tempering 
decreases the thermo-electric power, the differences between the 
results obtained for the alloys received and tempered being very small 
for those alloys which contain a considerable proportion of chromium 
or tungsten. The shape of the curve indicates that manganese, sili- 
con, and aluminum produce solid solutions within the limits of the 
alloys which were examined. Metals such as chromium, tungsten, 
and molybdenum give a curve which at first takes a sharp drop, indi- 
cating a solid solution, then a rise, which seems to indicate the satura- 
tion of this solid solution. 


Alloy of Cobalt and Tin. Anon. (Amer. Mach., xxxix, No. 
24, 978.)—The official chemist of the American Institute of Metals 
reports that an alloy of about 40 per cent. cobalt and 60 per cent. of 
tin is especially resistant to acids, but owing to its brittleness it has 
little commercial value. Experiments, however, show that admix- 
tures of this alloy with other metals, such as copper, produce a series 
of alloys which can be turned, forged, and machined and still have a 
high degree of chemical resistance. 


Metal Sledges at the South Pole. Anon. (Metal Ind., xii, 
No. 1, 5.)—The daily press states that Sir Ernest Shackleton will 
use a new sledge in his next trip to the South Pole, which will be 
constructed entirely of metal. This metal is reported to be a steel 
composition, the make-up of which is a secret, but that the metal 
is extremely light and has great tensile strength. In view of these 
facts it is pretty safe to hazard a guess that the metal in question is 
not a steel composition but an aluminum alloy of the nature of 
magnalium or duralumin. It is claimed that by the use of this 
metal the weight of the sledge can be reduced 60 pounds, and this 
means a saving of 600 pounds weight on the ice, or 20 days’ food 
for an ice party. 
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Application of Electricity and Radio-activity to Agriculture. 
T. THorNE BAKER. (J. Roy. Soc. Arts, \xii, 70.)—An account of 
the application of high-tension electric currents to the land by means 
of overhead wires for the purpose of increasing the yield of crops. 
It is stated that Lodge-Newman plants have been recently supplied 
to the Departments of Agriculture of the United States and of Egypt 
for experimental purposes: for 25 to 30 acres the capital outlay is 
$1000, but only $1500 for double the area. Experimental work has 
also been done on the effect of radio-activity, the waste material 
from the manufacture of radium being used, mixed with ordinary 
soil. Good results were obtained by mixing one part of radio-active 
material (2 milligrammes radium per ton) with ten of soil; with 
considerably larger quantities the yield was diminished and growth 
retarded. Some crops were benefited to a much greater degree than 
others: good results have been obtained with radishes and wheat, 
but much less marked improvement with cress ; in the case of radishes 
the sugar content was markedly increased. It is stated that owing to 
the successful development of the processes of Kent-Smith and Rolfe 
and of Sommer comparatively poor residues from carnotite could be 
treated profitably for the extraction of radium, and that the supply of 
radium in the near future on a comparatively large scale was assured. 
The cost of the radio-active treatment of the soil would be about $2.50 
to $3.75 per acre. 


Hydrocarbons of Utah. C. BarpweLt, B. A. Berryman, T. B. 
3RIGHTON and K. D. Kuure. (J. Ind. Eng. Chem., v, 973.) —The 
mineral hydrocarbons which occur most abundantly in Utah are 
gilsonite, tabbyite, wurtzilite, ozokerite, and rock asphaltum. Then 
follows a brief description of the chief deposits and a review of the 
literature. Some of the uses of the minerals are as follows: Gil- 
sonite (of which 50,000 tons were produced in 1912) : Used for the 
paving industry, electrical insulators, roofing materials, waterproof- 
ing pipes and aqueducts, preventing corrosion of the iron plates of 
ships’ bottoms, coating wire fencing, sea-walls, poles, etc., lining 
tanks for chemicals, paints for smoke-stacks, lubricant for heavy 
machinery, rubber substitute, binder for briquettes. Tabbyite: Com- 
positions for rubber floor mats, rubber paints and roofing materials, 
filler for rubber mixings for tires, etc. Wursilite (of which 1000 
tons per annum are produced): Varnishes, roofing compositions, 
etc. sokerite: Electrical insulators, altar candles, substitute for 
beeswax, ointments and the like, waterproofing mixtures, wax dolls, 
telephone receivers, phonograph records, polishes, electroplating, 
crayons, sealing wax. Rock asphaltum: Paving industry. The re- 
sults of an experimental investigation of the mineral hydrocarbons 
mentioned are given, chiefly in tables, one of which shows the 
solubility of the different materials in various solvents, together 
with the corresponding figures for refined Trinidad pitch and Ber- 
mudez asphaltum. 


ia ae ean 


SE 


_— 


a 
SSC ISTE 


wo Se 


i cpl eae 


ate kS 


SL ee oe 
ee tne oe fink oe liad 


Tee eee 


acbharentnatsas 


See OLA it phi SNE eS alll 


¥ 

7 

d 

+ 
4 
al 
bs 
¥ 
y 
Ng 
s 
Be 
J 
i : 
i 
A. 


na i ag, eas 


SLA ET RAS ETAT EN AD RST 


So ee ra aan eco 
+S NI li eccrine aS 


466 CURRENT TOPICS. {J. F.1. 


A Wood that Never Rots. ANon. (Sci. Amer. Suppl., \xxvi, 
No. 1978, 347.)—Engineers and others are annoyed by the rotting 
of railway sleepers, of piles, and of wood used to support galleries 
and in the building of ships, etc. Engineers, chemists, physicists, 
biologists, doctors, who for the construction of diverse apparatus, 
may need a wood possessing a maximum resistance to the causes of 
destruction, particularly humidity, are interested in this important 
question of the unputrescibility of wood. The ideal would be to 
find a wood able to resist putrefaction naturally. It appears from 
recent researches that the wood of the mangrove tree may be con- 
sidered as absolutely unputrescible. Numerous samples of mangrove 
wood (Rhizophora racemosa) sent from French Guiana were, in 
1909, placed at Collonges (Cote-d’Or) in a soaking pit in the depot 
of sleepers of the Paris-Lyons-Mediterranean Railway Company. 
These.samples were surrounded with all the elements capable of pro- 
ducing the decomposition and rotting of the wood in the minimum 
of time. In spite of this the samples still remain in an excellent con- 
dition and show no signs of alteration. Why has the mangrove re- 
sisted decomposition and whence the particular and excellent qualities 
of this too little known wood? The grain of the mangrove is very 
close; hence it opposes a barrier to the invasion of water. The den- 
sity of mangrove is about 110, that of oak is 70, and that of fir is 4o. 
Moreover, mangrove wood has an amount of tannin quite sufficient 
to prevent the attack of insects and the multiplication of germs, 
damp, mould, and all the various micro-organisms which constitute 
the flora of the woods of different climates. The wood of the man- 
grove is marvellously resistant to flexion; its resistance is double 
that of oak, quadruple that of fir; nevertheless it is not at all brittle. 
To crushing, either at the end or across the fibres, it offers a resistance 
double that of oak and three times that of fir. It resists all attempts 
at twisting far better than either oak or fir, and is superior to them 
in suppleness. It is easily worked, and is as easily sawn as oak. 
It may, therefore, be concluded that mangrove wood merits employ- 
ment on a large scale for numerous and varied purposes. It might 
be used for posts of electric lines on account of its unputrescibility, 
its resistance, and its suppleness. It is valuable for sleepers of narrow 
railways for its resistance to putrefaction and to crushing. It could 
be advantageously used for the special woodwork of mines. There 
is always good use for a wood that never rots. 


Zirconium Hypophosphite, a Photo-sensitive Salt. 0. 
Hauser and H. Herzrecp. (Z. Anorg. Chem., \xxxiv, 92.)—The 
hypophosphite is obtained by adding hypophosphorous acid to zir- 
conium nitrate. The amorphous precipitate first formed redissolves 
in excess of the acid, and is precipitated by excess of alcohol as a 
colorless, crystalline precipitate, which, when dried over calcium 
chloride, has the composition Zr(H,PO,),. In direct sunlight the 
hypophosphite becomes deep violet. Microscopic examination of 
the colored crystals shows no evidence of decomposition. 
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The Tin-Plate Industry. (Consular Report.)—A report was 
recently presented to the British Tin-Plate Association on working 
conditions in Germany and Russia as compared with those in South 
Wales. The report was, in substance, as follows: 

In Wales, 4 men per mill are employed—roller, doubler, furnace 
men, and behinder; in Germany, 5, the additional man being a fur- 
nace man’s helper; in Russia, 7, the two additions being a behinder’s 
helper and a bar dragger. In Wales the average output per 8 hours is 
45 boxes of light plates 28 by 20 and 30 by 21 inches, as compared 
with only 42 in Germany, where there is a larger force per mill; in 
both countries the production sometimes reaches 60 to 70 boxes. The 
Russian mills have an average output of 95 to 100 boxes and an oc- 
casional output of 110 to 130 boxes. Their capacity is due to their 
large mill force and to the fact that the mills have three furnaces, 
one for heating the iron, and the other two in charge of the furnace 
man and his assistant, respectively. The German and Welsh mills 
have only two furnaces. 


Radium Fixes on the Skeleton. ANoNn. (Sci. Amer. Sup., 
Ixxvi, No. 1978, 343.) —-M. Domenici and M. and Mme. Laborde have 
injected into animals radium salts in a soluble state, and have searched 
the place of fixation. Fragments of bone tissue have appeared con- 
stantly radio-active during the experiments; and the experimenters 
have tried to make a precise determination of the quantities of radium 
fixed by the skeleton, the muscles, the viscera, and the skin respec- 
tively. A rabbit was killed thirty-three days after an intravenous 
injection of 0.06 milligramme of pure radium associated with an equal 
quantity of radium bromide. The skeleton, the muscles, the viscera, 
and the skin were then burned separately. The ashes showed that 
the radium was fixed on the skeleton rather than on the other parts 
of the organism, where it is found in only very feeble quantities. In 
their communication to the Biological Society, MM. Domenici and 
Laborde conclude that it is very probable that the ingestion of radium 
salts would have the same effect. Considering the well-known affinity 
of the skeleton for calcium and strontium salts introduced into the 
organism, it is quite probable that radium salts would also be fixed 
on the skeleton. 


Electrical Properties of Copper-tin Alloys. R. Lerpoux. 
(Comptes Rend., clv, 35.) —The author determines and plots curves 
to represent: (1) the electrical resistance, (2) the temperature coeffi- 
cient of resistance between 0° and 100° C., (3) the thermo-electric 
power against lead, and (4) the temperature coefficient of the thermo- 
electric power, in each case, for alloys with varying percentages of 
copper and tin. Practically all the measurements indicate the com- 
pound Cu,Sn, while several of the curves indicate the existence of a 
compound with the formula Cu,Sn. 
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Pressure of Light Measured by Use of Thin Foil. G. D. Wesr. 
(Phys. Soc. Proc., xxv, 324.)—The pressure of the radiation 
emitted by a carbon filament lamp at a distance of a few centimetres 
is sufficient to cause a microscopically measurable deflection of the 
end of a suspended strip of gold or aluminum foil, and by this 
means the radiation pressure can be calculated if the weight of the 
strip is known. The results agree to within about Io per cent. with 
the energy density of radiation as measured by the initial rise of tem- 
perature of a copper plate exposed to the radiation. The best results 
are obtained by working in an atmosphere of hydrogen, at 1 cm. 
to 2 cm. pressure, but good results are obtained with hydrogen at 
atmospheric pressure. Air at I cm. to 2 cm. pressure also gives good 
results. The method involves no laborious adjustments, and the 
apparatus is not seriously affected by vibration. 


A New Element in the Atmosphere. F. W. Aston. (Enzg., 
xcvi, 423.)—In his studies on the positive rays, J. J. Thomson 
obtained indications of the presence in the air of a body of atomic 
weight about 22 and giving a line next to neon, atomic weight 20. 
On continuing this work the conclusion is reached that atmospheric 
neon is a mixture of two gases which are identical in all their proper- 
ties except their atomic weights, which are respectively 19.9 and 
22.1. By 3000 fractionations of the gas, or, better, by using the 
diffusion method in conjunction with a new quartz-disc density bal- 
ance in which 0.5 c.c. of the gas is weighed against oxygen, it is 
found that ordinary neon contains about 12.5 per cent. of the heavier 
gas, which does not appear to be a compound. The spectra of the 
two gases are apparently identical. 


Neutralization of Chromic Acid. L. MArGAILLAN. (Comptes 
Rendus, clvii, 994.) —The progressive neutralization of chromic acid 
by sodium hydroxide was followed by the electrometer method, using 
an electrode of platinum saturated with hydrogen. The e.m.f. curve 
was interrupted by two almost vertical portions (instead of one, as 
with sulphuric acid), corresponding respectively to the addition of 
one and of two equivalents of alkali. 


Observations of the Afterglow. B.Tuieme. (Deutsch. phys. 
Gesell. Verh., xv, 16, 794.) —A preliminary communication describes 
briefly several new observations on the afterglow produced in the 
gas of a low-voltage carbon-filament lamp after a discharge has 
been passed, by placing it in an alternating field of high frequency 
(a Tesla field). The conclusion is that the afterglow is a periodic 
discharge occurring about 30 or 40 times per second, the period be- 
coming smaller the longer the duration of the effect. Experiments 
on the discharge which occurs when the bulb of the lamp is electrified 
by friction are also described, with the conclusion again that the 
discharge is periodic. Further experiments are being made which 
will be described in a later communication. 
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Soft Artificial, Frit or French Porcelain. A. Grancer. (Bull. 
Soc. d’ Encour., cxx, 195.)—A history of the origin and development 
of the various forms of porcelain, especially those of France and of 
Sévres. : 

Modern soft porcelain dates from 1879, when Lauth found by 
analysis that the composition of the ware varied considerably with the 
firing temperature, owing to the volatilization of the alkalies. It was 
decided to use a more acid frit and Stas glass, which has the composi- 
tion SiO,77, CaO10.3, K,0O7.7, Na,O5.05 per cent., was employed, 
while the marl was replaced by a mixture of chalk and Dreux clay. 
The figures for the body mixing were: Sand, 49; Stas glass, 27.5; 
chalk, 16.66; Dreux clay, 6.86. The chemical composition was: 
SiO,, 80.31; Al,O,, 2.62; CaO, 13.27; R,O, 3.8; which meant that 
nearly 5 per cent. more silica was introduced at the expense of the 
lime and alkalies. More recent mixings, used for ware exhibited at 
the 1900 Exposition are: Sand, 33; Stas glass, 46; chalk, 14; Dreux 
clay, 7; with a glaze formula: 0.46 Na,O, 0.54 PbO, 2.5 SiO,. The 
ware is fired at cone 4 instead of at cone 7, like Lauth’s mixing. 
Still more recently, kaolin has been substituted for Dreux clay, but 
the composition is not published. This new ware is called soft kaolin 
porcelain. 


Preservation of Hydrogen Peroxide. A.M. CLover. (Amer. 
J, Pharm., |\xxxv, 538.)—The addition of 0.05 per cent. of acetanilide 
to hydrogen peroxide solution increases its stability to such an extent 
that only about 2.7 per cent. is decomposed in five months. The 
presence of mineral acids and of salts of the alkalies and alkaline 
earths has no influence on the stability of the peroxide solution; 
while traces of copper and iron increase the rate of decomposition. 


Canadian Asbestos. Anon. (J. Roy. Soc. Arts, \xii, 36.)— 
The province of Quebec contains the principal asbestos-producing 
areas of Canada. The present workable deposits are scattered 
through the great serpentine range which strikes through the town- 
ships of Broughton, Thetford, and Coleraine. The total length of the 
belt is 23 miles, with a width of 100 feet in the extreme easterly 
part, increasing to 6000 feet in the Mock Lake area. The principal 
deposits are at Thetford, Black Lake, Danville, and East Broughton ; 
the first two are the most important. The mineral occurs in a series 
of narrow and irregular veins, sometimes, though rarely, reaching 
a width of six inches. Large mills are now in operation in which the 
rock is broken and crushed and ‘the fibrous asbestos is taken up 
from screens by suction fans, and blown into settling chambers. 
At present the annual production is over 100,000 tons, valued at 
upwards of $3,000,000. It includes a large variety of grades, from 
the long-fibred crude asbestos, valued at $300 a ton, down to the 
shortest mill fibre, valued at only $2 or $3 per ton, and “ asbestic 
sand,” used for wall plaster, and valued at from 75 cents to $1.50 
per ton. 
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Radiotelegraphy between Nauen and Long Island. Anon. 
(Eng., xcvi, No. 2484, 206.)—According to the Telefunken Zeitung, 
an exchange of messages has taken place since the beginning of 1913 
between the Telefunken station at Nauen, where the 100-metre tower, 
which was blown down by the wind, has been brought up to its 
projected height of 200 metres, and Sayville, on Long Island. This 
station belongs to the Atlantic Communication Company. The dis- 
tance is 6500 kilometres, just double that between the west of 
Ireland and Cape Breton Island, where Marconi stations have been 
working for some years. By using high-frequency generators 
Nauen is said to have made successful radiotelephone experiments 
with Vienna and other places up to 700 kilometres distant. Radio- 
telegraphic signals over exceptionally long ranges were overheard 
at Awanui, in New Zealand, which travelled 7800 kilometres from 
steamers travelling between Honolulu and Yokohama (Marconi 
apparatus) and at Pennant Hill, in Australia, in which case the 
signals came from a cargo steamer 6700 kilometres distant (Tele- 
funken apparatus). 


Consumption of Aluminum. Anon. (Metal Ind., xii, No. 1, 
3.)—More than 65,000,000 pounds of aluminum were consumed in 
various industries in the United States in the year 1913. This 
makes a new high record for aluminum consumption. 
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